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Rational and brief summary 
Individuals with Autism spectrum disorders (ASD) exhibit core impairments in the socio-
communication domain and have restricted or stereotyped patterns of behaviors. However ASD 
vary greatly in severity and in their neuropsychological and neurophysiological profiles (Lord 
2011). ASD with normal or high IQ are referred to as high functioning autism (HFA); these 
individuals demonstrate relative strengths in cognitive and language abilities (Klin et al. 2000), 
though pragmatic language deficits are observed (Landa 2000). 
The main aim of the chapter 1 was to describe the neuropsychological profiles of HFA children 
across different cognitive domains, independently from general cognitive abilities. Controlling for 
verbal general cognitive abilities, several impairments were observed across different cognitive 
domains in HFA.  
In the chapter 2 it has It was taken into consideration the neurophysiological functioning of ASD. 
ASD are thought to be associated with abnormalities in neural connectivity at both the global and 
local levels. To study this hypothesis Quantitative electroencephalography (QEEG) is more often 
used. In this chapter I reported a review on QEEG conducted with the MICHELANGELO team1 in 
order to assess the relevance of this approach in characterizing brain function and clustering 
phenotypes. QEEG studies evaluating both the spontaneous brain activity and brain signals under 
controlled experimental stimuli were examined. Despite conflicting results, literature analysis 
suggests that QEEG features are sensitive to modification in neuronal regulation dysfunction which 
characterize autistic brain. QEEG may therefore help in detecting regions of altered brain function 
and connectivity abnormalities, in linking behavior with brain activity, and subgrouping affected 
individuals within the wide heterogeneity of ASD. The use of advanced techniques for the increase 
of the specificity and of spatial localization could allow finding distinctive patterns of QEEG 
abnormalities in ASD subjects, paving the way for the development of tailored intervention 
strategies. 
In the chapter 3, I I began to deepen the importance of the development of tailored intervention 
strategies. To achieve this goal I have conducted a literature review on non-pharmacological 
interventions for ASD. Although there lies a significant heterogeneity among the available studies, 
the review I conducted emphasized the importance of considering the wide range of interventions 
through behavioral and educational continuum according to the suggestions of the recent literature 
in this field. Furthermore, in this chapter it was: 1) outlined the issues about the scientific validity of 
the treatment outcome studies; 2) described the findings of different parent-mediated interventions; 
3) highlights the importance to use the same outcome measures through the studies to compare 
findings of different literature contributions; and 4) focuses on the importance to consider pre-
treatment variables to identify children who will have better outcomes. Finally, the review 
concludes on providing a number of practical recommendations to clinicians working in the field 
suggesting both the presence of a specialized team and role of an active collaboration of the family 
to treatment as core milestones for the clinical management. 
The chapter 4 and 5 are two original research, based on the suggestions of the literature (described 
in then chapter 3) about the effect of treatment (chapter 4) and the outcome predictors of treatment 
(chapter 5).  
In chapter 4 it was studied the italian approach for ASD treatment, composed of individual therapy 
plus school-supported inclusion.  
In chapter 5 I used a novel mathematical approach to study the outcome predictors of treatment and 
results clearly indicated that "Response" cases to intervention can be visually separated from the 
"No Response" to intervention cases. It was possible to visualize a response area characterized by 
"Parents Involvement high". The resultant No Response area strongly connected with "Parents 
Involvement low". Chapter 5 has emphasized the high parent involvement to the treatment as a 
strong treatment outcome predictor.    
In this last years a growing literature in the field of ASD intervention has showed a considerable 
advances in the research on innovative information communication technology (ICT) for the 
education of people with autism.  
The chapter 6 was focused on two main aims: (1) to provide an overview of the recent ICT 
applications used in the treatment of autism and (2) to focus on the development of imitation and 
joint attention in the context of children with autism as well as robotics. There have been a variety 
of recent ICT applications in autism, which include the use of interactive environments 
implemented in computers and special input devices, virtual environments, avatars and serious 
games as well as telerehabilitation. Despite exciting preliminary results, the use of ICT remains 
limited. Many of the existing ICTs have limited capabilities and performance in actual interactive 
conditions. Clinically, most ICT proposals have not been validated beyond proof of concept studies. 
Robotics systems, developed as interactive devices for children with autism, have been used to 
assess the child’s response to robot behaviors; to elicit behaviors that are promoted in the child; to 
model, teach and practice a skill; and to provide feedback on performance in specific environments 
(e.g., therapeutic sessions). Based on their importance for both early development and for building 
autonomous robots that have humanlike abilities, imitation, joint attention and interactive 
engagement are key issues in the development of assistive technologies for autism and should be 
the focus of further research. 
In order to describe the use of assistive technologies in the field of ASD intervention I reported, in 
the chapter 7, the description of an integrated wireless system for neurophysiological monitoring of 
autistic children in a naturalistic setting integrated wireless system for ASD children monitoring. 
This system was made within the MICHELANGELO project. Non-invasive assistive technologies 
based on EEG and ECG techniques can provide important information about neurophysiological 
and physiological parameters such as brain signaling and autonomic system responses in relation to 
certain conditions in a semi-naturalistic setting. In particular, quantitative analysis of the EEG 
activity (QEEG) can reveal specific patterns of brain dysfunction in different regions whilst the 
measure of the heart rate variability (HRV) provides information about the child’s arousal condition 
of the children. The artificial and constrained situations in which these signals are usually acquired 
require a particular effort from the subject, which is difficult to obtain with very young children 
with ASD. The aim of this chapter was to develop an integrated system based on wearable and 
wireless technologies for the acquisition of neurophysiological and physiological parameters in a 
semi-naturalistic setting. The sensing module - consisting of an ECG chest strap, an EEG cap and 
video cameras - sends signals to a Central Unit (CU), which enables clinicians to monitor the child 
in a more ecological setting and during treatment sessions. A data analysis toolbox allows the 
segmentation of the signals and the extraction of quantitative features from neurophysiological data. 
Preliminary results applying the system to an autistic child are provided. The system showed to be 
easily accepted and tolerated by the child and allowed to link the behavior with neurophysiological 
activity during specific social tasks. 
The most important issues in the field of autism treatment are: improve the individualization of 
therapy (see chapter 7) using assistive technologies and intensify the hours of naturalistic treatment.   
In order to intensify the hours of naturalistic treatment we developed, and described in the chapter 
8, with the collaboration of the MICHELANGELO team a serious game to be used with parents at 
home. Advances in Information Communication Technology and computer gaming may help in this 
respect by creating a nomadically deployable closed loop intervention system involving the child 
and active participation of parents and therapists. For this purpose an automated serious gaming 
platform enabling intensive intervention in nomadic settings has been developed by mapping two 
pivotal skills in autism: Imitation and Joint Attention (JA) derived from the evidence-based Early 
Start Denver Model (ESDM) developed by Sally Rogers (MIND Institute, CA, USA). The games 
involved application of visual and audio stimuli with multiple difficulty levels and a wide variety of 
tasks and actions pertaining to the Imitation and JA. The platform runs on mobile devices and 
allows the therapist to (1) characterize the child’s initial difficulties/strengths, ensuring tailored and 
adapted intervention by choosing appropriate games and (2) investigate and track the temporal 
evolution of the child’s progress through a set of automatically extracted quantitative performance 
metrics. The platform allows the therapist to change the game or its difficulty levels during the 
intervention depending on the child’s progress.  
Performance of the platform was assessed in a 3-month open trial with 10 autistic children and it  
was described in the chapter 9. The children and the parents participated in 80%. All children went 
through all games but, given the diversity of the games and the heterogeneity of children profiles 
and abilities, for a given game the number of sessions dedicated to the game varied and could be 
tailored through automatic scoring. Parents (N=10) highlighted enhancement in the child’s 
concentration, flexibility and self-esteem in 77%, 89% and 44% of the cases respectively and 55% 
observed an enhanced parents-child relationship. In addition 77% of the parents judged that the 
feasibility of treatment was not seriously hampered due to technicality of the platform. This pilot 
study showed the feasibility of using the developed gaming platform for home-based intensive 
intervention. However, the overall capability of the platform in delivering intervention needs to be 
assessed in a bigger open trial. 
A key componenet we used in the MICHELNGELO project was the eye-tracking tool. In the 
chapter 10, I reprted an original study we conducted for the first time in Italy in order to study the 
initiative joint attention (JA). Joint attention deficit, that was one of the main aims of the ICT 
intervention we developed and described (see chapter 7), is an early risk marker for autism 
spectrum disorder (ASD) characterized by two components: responding (RJA) and initiating (IJA). 
While eye tracking has largely been used to investigate RJA in ASD, no study has explored IJA. In 
te chapter 10 we aimed to record visual patterns of toddlers with ASD or typical development (TD) 
during tasks of both components of JA. In RJA task ASD and TD behaved similarly in terms of 
ability of following the gaze and looking at the target object. In two distinct IJA tasks, significant 
differences in transitions and in fixations emerged. These differences might be linked with ASD 
impairment in visual disengagement from face, in global scanning of the scene and in anticipation 
of object’s action.  
In the chapter 11, developed within the MICHELANGELO project, we reported a challenging aim: 
Integrating EEG and MR. This chapter  proposed a novel approach of integrating different 
neuroimaging techniques to characterize the brain of patients with autism spectrum disorders 
(ASDs). Different techniques like electroencephalography (EEG), functional magnetic resonance 
imaging (fMRI) and diffusion tensor imaging (DTI) have traditionally been used to identify 
biomarkers for ASD. But there have been very few attempts for a combined or multimodal 
approach of EEG, fMRI and DTI to understand the neurobiological basis of the disorders. Here, the 
main research question we tried to address was whether it would be possible to correlate the 
structural network with the functional brain network, such that the long range under-connectivity 
theory in autism could be applied to the latter. Our analysis seem to show that the functional 
connectivity between two active regions can be correlated with the physical properties of the 
structure, more specifically with the number of tracts and tract volume obtained from the DTI 
analysis.  
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Abstract 
A comprehensive investigation of the neuropsychological impairments of children with autism may 
help to identify the brain dysfunctions of the disorder and to design appropriate interventions. To 
this end we compared the NEPSY-II profiles of 22 children with high-functioning autism (HFA) 
with those of 44 typically-developing children 2:1 matched by age and gender. Results showed that 
only Visuospatial Processing was  not impaired in HFA, while deficits were observed in Attention 
and Executive Functions, Language, Learning and Memory, and Sensorimotor Processing. Theory 
of Mind difficulties were observed in verbal tasks but not in the understanding of emotional 
contexts, suggesting that appropriate contextual cues might help emotion understanding in HFA 
children. These widespread neuropsychological impairments may reflect alterations in multiple 
brain systems in HFA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction  
Individuals with Autism spectrum disorders (ASD) exhibit core impairments in the socio-
communication domain and have restricted or stereotyped patterns of behaviors. However ASD 
vary greatly in severity (Lord 2011) and in cognitive and language development. ASD with normal 
or high IQ are referred to as high functioning autism (HFA); these individuals demonstrate relative 
strengths in cognitive and language abilities (Klin et al. 2000), though pragmatic language deficits 
are observed (Landa 2000). Thus, they share the two core features of ASD: social-communication 
impairment and circumscribed pattern of behavior and interest, which, together, contribute to their 
poor overall social competence (Attwood 2004).  
Several studies have shown that children with HFA are impaired in different cognitive functions 
(Tsatsanis, 2005), including  deficits in motor functions (Barane et al. 2005), high-order language 
aspects, such as semantics and pragmatics (Minshew et al. 1995; Tager-Flusberg 2004), selected 
executive functions (Liss et al. 2001; Ozonoff et al. 2004; Ozonoff and Jensen 1999), memory for 
faces (Hauck et al. 1998). On the other hand, there is evidence of a relative sparing of visual 
processing (Ghaziuddin and Mountain-Kirnchi 2001), selected aspects of memory (Minshew and 
Goldstein 2004), and inhibitory functions (Ozonoff and Strayer 1997). These findings have 
contributed to a better knowledge of the cognitive characteristics of HFA; however, the conclusions 
that can be drawn from these studies are limited because they used multiple tests to measure 
different cognitive abilities in different samples, thus introducing an unknown and uncontrollable 
amount of variability to the findings. 
Developed following the neuropsychological approach of Luria (1962), who considers multiple 
brain systems at the base of cognitive functioning, the developmental neuropsychological battery 
NEPSY (Korkman et al. 1998; 2007a)  provides a comprehensive overview of the child’s 
neuropsychological functioning. The NEPSY is a unique, co-normed, and multi-domain 
neuropsychological battery designed specifically for preschoolers, children, and adolescents. Its 
revised version, the NEPSY-II (Korkman et al. 2007a), includes measures of social perception 
abilities, thus allowing also the evaluation of the core deficits of ASD children in comparison to 
their functioning in other cognitive domains. Until now, validation data of the NEPSY (Korkamn et 
al. 1998; Hooper et al. 2006) and NEPSY-II (Korkman et al. 2007a) batteries have provided a 
comprehensive evaluation of the neuropsychological functions of HFA children, and a few 
independent studies have used a selection of subtests of the NEPSY to evaluate specific cognitive 
functions (Boneh et al. 2008; Isaac and Oates 2008; Davidson et al. 2008; Joseph et al. 2005; 
Miniscalco et al. 2007; Mahone et al. 2006; Planche and Lemonnier 2011; Schmitt 2004). 
The validation study of the first version of the NEPSY (Korkman et al. 1998) reported that HFA 
children presented lower scores than healthy controls (HC) in the tests of executive functions 
(Tower), memory (Memory for Faces, Narrative Memory), language comprehension 
(Comprehension of Instructions), sensorimotor functions (Imitating Hand Positions, and 
Visuomotor Precision), and line orientation discrimination (Arrows). A reanalysis of these data, 
however, controlling for the influence of IQ (Hooper et al. 2006), showed further impairments of 
HFA children in the subtests of Phonological Processing, Auditory Attention and Response Set, and 
Speeded Naming. In contrast, the difference between HFA and HC children in the Comprehension 
of Instructions and Narrative Memory were no longer significant after controlling for IQ.  
Similar results were obtained in the validation study of the NEPSY-II (Korkman et al. 2007a), in 
which HFA children presented, beside lower scores in all cognitive domains, major difficulties in 
measures of executive functions (sorting, cognitive flexibility, and auditory attention) and of 
language. Moreover, verbal and visuospatial memory, visuomotor coordination, line orientation 
discrimination and block constructions abilities were also impaired in HFA children, when the tests 
relied heavily on linguistic mediation. These findings suggest that the NEPSY can contribute to the 
neuropsychological description of children with HFA.   
However, previous studies did not control for the extent to which performance of HFA children in a 
cognitive domain may be affected by weaknesses in other but interconnected domains 
independently from general cognitive abilities. The US (Korkman et al. 2007) and Italian (Urgesi et 
al. 2011) standardization of the NEPSY-II showed large inter-correlations between the NEPSY-II 
tests both within (in particular for Language tests) and between domains (in particular for Language 
and Attention and Executive Function tests). These between-domain inter-correlations in healthy 
individuals were probably caused by the similarity between the required modality of stimulus 
presentation and response and by general effects of attention resources on task performance. These 
effects may suggest the possibility that an impairment in a cognitive domain, for example language, 
may induce secondary impairment in other tasks, for example executive functions, that involve 
language mediation to perceive the stimuli or to provide the response (Russell 1997; Russell et al. 
1999; Liss et al. 1991; Joseph et al. 2005). 
Our aims were to provide a comprehensive description of the neuropsychological profile of children 
with HFA using the NEPSY-II and to explore the possible relations between the impairments in 
different cognitive domains.  
 
 
 
Methods 
Participants 
Twenty-two boys with a diagnosis of HFA were consecutively recruited at the Division of Child 
Neurology and Psychiatry of the Stella Maris Scientific Institute (University of Pisa) over a 24 
months period. Inclusion criteria were: diagnosis of Pervasive Developmental Disorder according to 
DSM-IV-TR; age between 5 and 16 years; a Full Scale Intelligence Quotient (FSIQ), evaluated 
through Wechsler scales, greater than 80; availability for carrying on several neuropsychological 
evaluation sessions. Exclusion criteria were presence or history of any other axis I mental disorder; 
a history of traumatic brain injury or any other neurological illness. 
The mean age of patients was 9.77 (SD: 3.65; range: 5-16); mean VIQ was 96.14 (SD:13.73; range: 
80-131); mean PIQ was 103.36 (SD:16.28; range: 72-141); mean Total IQ: 99.09 (SD: 14.23; 
range: 82-126). Four patients were left-handed.  
The neuropsychological performance of HFA was compared to that of a group of 44 HC children 
matched 2:1 for age, gender, race, and education. Healthy children were selected randomly from the 
standardization sample of the Italian Version of NEPSY-II (Urgesi et al. 2011). Two controls were 
sampled for each HFA patient. Five HC were left-handed. Before inclusion into the standardization 
sample, HC were screened with standardized neuropsychological tests of verbal (Marini et al. 2007) 
and non-verbal general cognitive abilities (Goodenough and Harris, 1977; Raven, 1954) in order to 
exclude deficits of verbal or visuospatial abilities. The chronological age of HC (mean: 9.77; SD: 
3.61) was not significantly different from the equivalent mental age of HFA patients for both VIQ 
(MAEVIQ; mean: 9.95; SD: 4.24; t64 = -0.245; P = 0.807) and PIQ (MAEPIQ; mean: 10.65; SD: 
4.28; t64 = 0.448; P = 0.655). All HFA and HC children were native Italian speakers.  
 
Neuropsychological evaluation 
HFA and HC underwent a full neuropsychological evaluation using the Italian Version of NEPSY-
II (Korkman et al. 2011; Urgesi et al. 2011). NEPSY-II is a battery of neuropsychological tests 
specifically developed for the evaluation of 3-16 years old children in 6 cognitive domains: 
Attention and Executive Functions, Language, Memory and Learning, Sensorimotor Functions, 
Social Perception, and Visuospatial Processing. Here we used the 31 tests of the Italian version of 
NEPSY-II (Korkman et al. 2011) that can be administered to children aged 5 to 16 years. 
 
Data analysis 
The scores obtained by each HFA and HC participant at each NEPSY-II test were expressed as 
scaled scores (mean: 10; SD: 3) with respect to the normative values for the corresponding 
chronological ages (Urgesi et al. 2011). These scores were entered into series of Multivariate 
Analyses of Covariance (MANCOVAs) with group as between-subject factor and MAEVIQ as 
covariate of interest. The MAEVIQ was estimated from the VIQ for HFA and was assumed to 
correspond to the chronological age for HC. Although the MAEVIQ of HFA was not significantly 
different compared to the chronological age of HC, patients presented different levels of VIQ, 
ranging from borderline to above mean levels; to ensure the effect of verbal cognitive abilities was 
ruled out from the between-group comparison, we entered the MAEVIQ as covariate of interest.  
Separate domain-specific MANCOVAs or ANCOVAs were used for the NEPSY-II tests that were 
administered to all 5-16 years old children or only to 7-16 or 5-12 years old children. Post-hoc 
univariate ANCOVAs were performed for each test to explore how they contributed to significant 
between-group differences in each cognitive domain.  
Furthermore, six domain scores were obtained by averaging individual scaled scores for all the tests 
comprised in each cognitive domain. To analyze how HFA children differed from controls in each 
cognitive domain independently from their performance in other cognitive domains, the score of 
each cognitive domain was entered into separate MANCOVAs with group as between-subject 
factor and the scores of other cognitive domains as covariates of interest.  
A significance threshold of P < 0.001 was set for all statistical tests, applying a Bonferroni 
correction to control for false discoveries in multiple comparisons (41 neuropsychological 
variables). 
 
Results 
HFA vs HC comparison 
Table 1 shows Mean and Standard Deviation (SD) of the scores obtained by HFA and HC and 
ANCOVAs results controlling for MAEVIQ.  
 
Attention and Executive Functions 
HFA children had an overall lower performance (F5,59 = 11.13; P < 0.001; ηp2= 0.485); the effect 
of MAEVIQ was marginally significant but did not reach the Bonferroni corrected threshold (F5,59 
= 3.34; p=0.01; ηp2= 0.221). A similar pattern of results was obtained for the tests that were 
administered only to children aged 7-16 years, with a significant effect of group (F4,48 = 13.2; P < 
0.001; ηp2= 0.524) and no significant effect of MAEVIQ (F4,48 < 1, ηp2 = 0.051). Post-hoc 
univariate ANCOVAs revealed that HFA children, independently from MAEVIQ, had significant 
lower performance for all the subtests except for Visual Attention and Design Fluency. 
 
Language 
The MANCOVA revealed a significantly lower performance of HFA as compared to HC (F6,56 = 
4.87; p:<0.001; ηp2= 0.343), with non-significant effect of MAEVIQ (F6,56 = 1.85; p=0.105; ηp2= 
0.166). Post-hoc univariate analyses showed that HFA children tended to show lower performance 
than HC in all tests but the difference was significant only in the Oromotor Sequences test. No 
between group difference (F1,49 = 3.04, P =0.087, ηp2 = 0.058) and no effect of MAEVIQ (F1,49 
< 1, ηp2 < 0.001) was observed for the Phonological Word Generation test, which was administered 
only to 7-16 years old children.  
 
Memory and Learning 
The MANCOVA revealed significant lower performance of HFA compared to HC (F9,55 = 6.48; P 
< 0.001; ηp2= 0.514), with non-significant effect of MAEVIQ (F9,55 = 2.28; p=0.03; ηp2= 0.271). 
Univariate ANCOVAs showed that the MAEVIQ had a significant effect on Memory for Designs, 
both for immediate (F1,63 = 12.51; P < 0.001) and delayed (F1,63 = 16.06; P < 0.001) recall trials. 
HFA children had significantly lower performance than controls in the immediate but not delayed 
trials of the Memory for Designs test. Significant differences between the two groups, with no 
MAEVIQ effect, were also obtained for Narrative Memory, Sentence Repetition, and delayed 
Memory for Faces tests. The analysis of the Word List Interference and List Memory tests, that 
were administered only to 7-16 years old children, showed lower performance of HFA (F4,48 = 
22.51; P < 0.001; ηp2= 0.652) at both Word List Interference and List Memory tests, with non-
significant effect of MAEVIQ (F4,48 = 2.94;  P = 0.03; ηp2= 0.197).  
 
Sensorimotor Functions 
The MANCOVA showed significant lower performance of HFA (F3,61 = 14.93; P < 0.001; ηp2= 
0.423) with non-significant effect of MAEVIQ (F3,61 = 1.21; P = 0.312; ηp2= 0.056). Post-hoc 
univariate analyses showed that HFA children had lower performance than HC in Imitation of Hand 
Postures and Manual Motor Sequences, but not in Finger Tapping. No effects were also observed 
between HFA and HC 5-12 years old children for the Visuomotor Precision test (group: F1,42 = 
1.49, P = 0.229, ηp2 = 0.034; MAEVIQ: F1,42 < 1, ηp2 = 0.023). 
 
Social Perception 
The MANCOVA showed significantly lower performance of HFA children (F3,61 = 8.25; P < 
0.001; ηp2= 0.289), with no effect of MAEVIQ (F3,61 < 1; p2 = 0.044). The effect of group was 
due to the scores in the verbal items of the Theory of Mind test, while no difference was observed 
for the Theory of Mind contextual items and for the Affect Recognition test. 
 
Visuospatial Processing 
The MANCOVA showed lower performance in HFA (F5,59 = 9.04; P < 0.001; ηp2= 0.434), with 
non-significant effect of MAEVIQ (F5,59 = 1.28; P = 0.285; ηp2= 0.098). Post-hoc univariate 
analyses showed that HFA children had lower performance than HC in Design Copying and 
Arrows. On the Design Copying test, the deficits of HFA children were apparent in the Motor 
(F1,63 = 27.3; P < 0.001; ηp2= 0.302) and Global Processing (F1,63 = 19.23; P < 0.001; ηp2= 
0.234) while no difference was observed for the Local Processing (F1,63 = 5.03; P = 0.028; ηp2= 
0.074). Non-significant effects of group (F1,51 < 1, ηp2 = 0.015) and MAEVIQ (F1,51 < 1, ηp2 < 
0.001) were obtained for the Picture Puzzles test in 7-16 years old children.  
 
Specificity of each neuropsychological domain in HFA children 
MANCOVAs on Attention and Executive Functions domain entering the other domains as 
covariate of interest showed that the difference between HFA and HC was still significant after 
removing the variance in common with the other cognitive domains (F5,55 = 5.02, P < 0.001, ηp2= 
0.313). The effects of the other cognitive domains were non-significant (all Fs5,55 < 4.5, P > 0.002, 
ηp2< 0.29). This suggests that the deficits of HFA children in attention and executive functions 
were independent from other neuropsychological domains. In contrast, no effects of group (F4,44 = 
2.65, P = 0.046, ηp2= 0.194) and of the other neuropsychological domains (all Fs4,44 < 3.8, P > 
0.01, ηp2 < 0.26) were obtained for the Attention and Executive Functions tests that were 
administered only to 7-16 years old children.  
MANCOVA on Language domain showed significant effects of Attention and Executive Functions 
(F6,52 = 5.59, P < 0.001, ηp2= 0.392) and of Memory and Learning (F6,52 = 8.57, P < 0.001, ηp2= 
0.497), with no effects of the other domains and no between-group difference (all Fs6,52 < 3.9, P > 
0.003, ηp2 < 0.31). Thus, the impairments of HFA children in language abilities were not consistent 
after removing the variance in common with the other cognitive domains and in particular with 
Attention and Executive Functions and Memory and Learning abilities, which strongly affected 
performance in language tasks.  
MANCOVA on Memory and Learning domain showed a significant effect of Attention and 
Executive Functions (F9,51 = 5.14, P < 0.001, ηp2 = 0.476), while the effects of the other cognitive 
domains and of group were non-significant (all Fs9,51 < 2.4, P > 0.025, ηp2 < 0.3). In contrast, 
when the scores in the Word List Interference and List Memory tests were analyzed, the effect of 
group resulted significant (F4,44 = 5.71, P < 0.001, ηp2= 0.342), with non-significant effects of the 
other cognitive domains (all Fs4,44 < 2, P > 0.12, ηp2< 0.15). Thus, HFA impairments in memory 
for lists of words were consistent even after removing the portion of variance in common with other 
neuropsychological functions.  
MANCOVA on Senorimotor Functions domain showed only a significant effect of Language 
(F3,57 = 6.25, P < 0.001, ηp2= 0.248), while the effect of group and of the other  cognitive domains 
were not significant (all F3,57 < 2.8, P > 0.049, ηp2< 0.13). That the HFA impairments in 
Sensorimotor Functions was not significant after removing the variance in common with Language 
tests was likely due to the commonalities with the oromotor abilities evaluated in different 
Language tasks. 
MANCOVA on Social Perception domain was only influenced by Attention and Executive 
Functions (F3,57 = 5.93, P = 0.001, ηp2= 0.238), while the other effects were not significant (all 
Fs3,57 < 2.2, P > 0.09, ηp2< 0.11). This suggests that the deficits of HFA children in the social 
perception abilities evaluated with NEPSY-II were associated to attention and executive functions 
deficits. 
In a similar vein, MANCOVA on Visuospatial Processing domain was influenced only by Attention 
and Executive Functions (F5,55 = 5.58, P < 0.001, ηp2= 0.336). Although HFA children tended to 
show a relatively lower performance in visuospatial tests, the effect of group did not reach the 
Bonferroni corrected significance threshold (F5,55 = 2.73, P = 0.029, ηp2= 0.199) after removing 
the effects of the other cognitive domains. 
 
Discussion 
The main aim of the present study was to describe the neuropsychological characteristics of HFA 
children across different cognitive domains, independently from general cognitive abilities. 
Controlling for verbal general cognitive abilities, several impairments were observed across 
different cognitive domains in HFA. Our data seem to support the notion that NEPSY-II is able to 
highlight the profile of neuropsychological functioning of HFA. While the results from the initial 
validation study reported in the NEPSY-II manual (Korkman et al. 2007) were largely replicated, 
some differences were noted.  
 
Within the Attention and Executive Functioning domain, we confirmed the deficits of HFA children  
in the measures of Inhibition, Animal Sorting and Auditory Attention and Response Set. 
Furthermore, the pattern of Attention and Executive Function deficits in HFA is largely consistent 
with prior research in HFA using the first version of the NEPSY (Joseph et al. 2005; Hooper et al. 
2006; Korkman et al. 1998). In particular, in the Joseph et al. (2005)’s study, children with autism 
exhibited deficits compared to the comparison group across all the 3 domains of executive functions 
that were assessed, including working memory, inhibitory control and planning. Several studies, 
indeed, have demonstrated that HFA children present executive dysfunctions as compared to age-
matched typical developing individuals and other clinical control groups (Ozonoff et al. 1991, 1997; 
Benetto et al. 1996; Ozonoff and Mc Evoy, 1994; Ozonoff 1995; Ozonoff and Jensen 1999; 
Sergeant et al. 2002; Geurts et al. 2004; Verté et al. 2005). In a similar vein, in other studies that 
evaluated planning’s abilities (Hughes et al. 1994; Ozonoff et al. 2004; Pennington and Ozonoff 
1996; Benetto et al. 1996; Robinson et al. 2009; Joseph et al. 2005; Lopez et al. 2005; Happé et al. 
2006), HFA were impaired relative to the HC. The NEPSY subtest 'Statue' was also used to study 2 
components of motor control: motor response inhibition and motor persistence in 24 HFA aged 7 to 
13 years (Mahone et al. 2006). HFA achieved lower scores than controls only on measures of motor 
persistence, with no concomitant impairment on motor inhibition tasks, in keeping with prior 
research demonstrating relatively spared motor inhibition in autism. 
 
We also confirm the lower performances of HFA children in Language domain (Hooper 2006; 
Korkman et al. 2007). In particular, the impairments in the Phonological Processing, Oromotor 
sequences and Repetition of non-sense words are consistent with Tager-Flusberg (2004), who 
suggested that children with autism and phonological deficits may represent a selected subtype of 
autism. Whitehouse (2008) suggested that only some children with autism demonstrate poor non-
sense word repetition, while Schmidt (2008) pointed out that problems in phonological processing 
and repetition of non-sense words might be characteristic of the broad autism phenotype. 
Accordingly, some studies have found that HFA have an impairment in the repetition of non-sense 
words as compared to HC (Botting and Conti-Ramsden 2003; Riches et al. 2011) and this deficit 
might reflect a general phonological processing impairment in HFA (Bishop et al. 2004; Hooper et 
al. 2006).   
 
HFA had lower performance than HC also in all tasks of the Memory and Learning domain. These 
results are consistent with the Korkman et al. (2007)’s findings and with other studies showing 
impaired immediate memory performance in HFA. In particular, we confirm that HFA performance 
on immediate verbal recall of complex material, such as a stories or sentences, is significantly 
impaired (Boucher and Warrington 1976; 1981;  Fein et al. 1996; Benetto et al. 1996; Minshew et 
al. 1997; Korkman et al. 1998; Minshew and Goldstein 2001; Williams et al. 2005; 2006; Hooper et 
al. 2006). Our results are consistent with previous evidence that performance in the recall of 
immediate complex designs or forms is impaired in ASD children (Ameli et al. 1988; Minshew et 
al. 1992; Minshew and Goldstein 2001; Rumsey and Hamburger 1990; Williams et al. 2006). We 
confirm also the marked deficits in memory of faces that has been widely reported in the literature. 
Several studies, indeed, found that ASD, as compared to IQ matched controls, are particularly 
impaired in this task (de Gelder et al. 1991; Boucher and Lewis 1992; Gepner et al. 1996; Korkman 
et al. 1998; Hauck et al. 1998; Klin et al. 1999; Wilson et al. 2001; Blair et al. 2002; Williams et al. 
2005; Hooper et al. 2006) (for a theoretical explanation see Carver and Dawson 2002). However, 
our study allows to document that the visuo-spatial memory impairments in HFA are not limited to 
faces, but they extend to abstract geometric forms (Memory for Designs). 
 
According to Hooper et al. (2006), HFA demonstrated deficits in the Sensorimotor Functions 
domain. In particular, while no difference between HFA and HC children were observed in the 
Visuomotor Precision and Finger Tapping tests, specific impairments were found in the Imitation of 
hand postures and in the Manual motor sequences tests, thus in those task requiring the imitation of 
complex movements sequences. Following Joseph (2005), we have conceptualized these tasks as 
requiring children to combine working memory and inhibitory control so as to withhold a prepotent 
motor response by maintaining a conflicting response rule (e.g., to knock with one hand while the 
other hand taps and vice versa) in active memory. In keeping with our finding, Korkman et al. 
(2007) and Hooper et al. (2006) showed no significant differences between HFA vs. controls in the 
Finger Tapping task, suggesting the absence of deficits in low level sensorimotor control.   
The findings in Social Perception domain confirm the Korkman et al. (2007)’s results with lower 
scores for HFA than controls in Affect recognition and Theory of Mind Verbal tasks. Within the 
Social Perception domain an important result of our work was the intact performances of HFA in 
the contextual items of the Theory of Mind test. These trials evaluate the capacity of children to 
understand how certain emotions are linked to given social situations and to recognise correctly the 
emotions that the various social settings generate. The child is shown an illustration of a social 
situation and he/she has to choose which of four facial expressions illustrates appropriately the 
emotional state of one of the characters shown in the photograph (see Figure 1). Our results were 
opposed to those of Da Fonseca (2008) that revealed that children with HFA were able to use 
contextual cues to recognize objects but not emotions. Differently than in the task of Da Fonseca 
(2008), in which the children had to choose the appropriate emotional state between smile 
illustrations, in the NEPSY-II tasks the children had to choose the appropriate emotional state from 
real facial photos. Our findings may suggest that: (1) contextual elements (the social situation) seem 
to facilitate the processing of the corresponding emotional state (photo of human face); (2) the 
human face, in contrast to smiles illustration (Da Fonseca 2008), could facilitate the activation of an 
isomorphic process - identity between the level of observed experience and that of the physiological 
processes underlying it - in HFA children (Eagle and Wakefield 2007; Gallese 2003); (3) the 
systematizing inclination of HFA to analyze details (Baron-Cohen 2010) could facilitate the trend 
toward greater attention to contextual cues of social situations by facilitating the recognition of 
appropriate emotional states. 
 
While our HFA sample displayed several deficits in all other domains, a relative sparing of the 
visuo-spatial abilities was noted. In this domain, only the Arrows and Design Copy tests showed a 
significant difference between the HFA and control children. The deficits in the line orientation 
discrimination (Arrows) has been found also in previous studies (Korkman et al. 2007; Hooper et al. 
2006). On the other hand, the deficit in the Design Copying test is consistent with the initial 
validation study of the NEPSY-II (Korkman et al. 2007), but not with the validation study of the 
NEPSY (Hooper et al. 2006). This discrepancy between the two tests might be due to the 
improvement of the sensitivity of the Design Copy test in the NEPSY-II, with the inclusion of more 
complex items. Importantly, only the Motor and Global Processing scores of the Design Copying 
test were lower in HFA than HC children, while no difference was found in the Local processing  
score. Thus, while HFA children presented difficulties in fine-motor control causing inaccurate 
drawing and in representing the overall configuration of the design, they accurately represented the 
design features. This suggests a bias of HFA children towards a local strategy of stimulus 
processing (Baron-Cohen 2010) which may be detected by analyzing the specific processing scores 
of the NEPSY-II Design Copying test. Recently, Planche and Lemonnier (2011) have used the 
NEPSY and WISC-III tests to study visuospatial abilities in HFA and found non-significant 
differences between HFA and HC. Nevertheless, as compared to HC, HFA children showed a 
different response strategy in the visuospatial tasks with motor coordination components, i.e. the 
“object assembly” and “block design” tests of the WISC-III, but not in tasks requiring similar 
visuospatial processing in the absence of any motor coordination ability, i.e. the “arrows” NEPSY 
test and the “picture completion” WISC-III  test. These results might suggest that HFA children 
have spared visuo-spatial processing abilities, but their difficulties in sensorimotor functions 
facilitate the use of local rather than configural processing strategies when the visuo-tasks require 
motor coordination. Thus, the study by Planche and Lemonnier (2011) suggests that, in keeping 
with the Luria (1962)’s approach, the performance of HFA children in a given cognitive domain 
may be affected by their weaknesses in other domains.  
 
A further aim of the present study was to determine how the neuropsychological impairments of 
HFA children in a given domain were influenced by their weaknesses in other domains. A 
comprehensive neuropsychological investigation of the main cognitive functions with the NEPSY-
II is particularly adept to this purpose, allowing to identify specific patterns of primary and 
secondary deficits (Luria 1962). To analyze how HFA children differed from controls in each 
cognitive domain independently from their performance in the other cognitive domains, 
MANCOVAs were performed for each cognitive domain  entering the domain scores of the other 
cognitive domains as covariates of interest. These analyses allowed to show how the performance 
of children in a given cognitive domain is influenced by their abilities in other cognitive domains 
and how much the impairments of HFA in each neuropsychological function are associated to their 
deficits in other domains. We found that the impairments of HFA children in attention and 
executive functions and verbal memory were not associated, at least partially, to the other 
neuropsychological functions. In turn, a widespread influence of executive deficits was observed on 
the performance in the other domains. Furthermore, verbal memory affected performance in 
Language tests. The deficits of HFA children in language, visuospatial memory, sensorimotor 
functions, social perception and visuospatial processing were associated to executive and verbal 
memory deficits and did not survive after removing the variance in common with other domains.  It 
is worth noting, however, that since the variability in the performance at the different NEPSY-II 
tests was not random in the two groups, being strongly influenced by having or not HFA, 
interpretation of these results should be cautious. They cannot indicate that HFA children are not 
impaired in a given cognitive function apart from deficits in other cognitive domains, but that their 
deficits in a given domain are associated, and possibly influenced, by deficits in other cognitive 
domains (Joseph et al. 2005).  
A similar account has been used by Joseph et al. (2005) in a study attempting to verify the 
hypothesis of Russel (1997) that the functional deficit underlying poor performance by children 
with autism on executive function tasks (Hughes and Russell 1993) could be an impairment in the 
ability to use inner speech to maintain arbitrary response rules in working memory and to guide 
behavior accordingly. In keeping with the language mediation hypothesis of  the executive 
dysfunctions in autism, studies have found that the deficits of HFA children on executive functions 
tasks disappeared when the lower scores of the autistic group in verbal IQ (Liss et al. 2001) and in 
lexical retrieval and access measures (Joseph e al. 2005) was controlled for using ANCOVAs. 
However, since the HFA group was impaired in both executive functions and language tasks, these 
data could not determine the origin of the association. In other words, it could not be established 
whether a lack of language mediation may explain the executive function deficits or whether 
language and executive functions are simultaneously impaired in HFA. On the other hand, our 
findings that the deficits of HFA in attention and executive functions as compared to controls were 
still significant after removing the effects of verbal IQ and of neuropsychological linguistic abilities 
favor a primary dysfunction of executive functions in HFA.  
 
Our results could be consistent with the emerging view of autism as a disorder of the interactions 
among multiple brain systems (Frith et al. 2004; Mundy et al. 2006). This hypothesis is also 
corroborated by recent findings derived from ASD neuroimaging studies, in which brain alterations 
are not limited to single specific regions or circuits, but rather are indicative of a global cerebral 
impairment (Müller 2007). In fact, structural magnetic resonance imaging (MRI) investigations 
report, as a well replicated finding, an abnormal enlargement of total brain volume in patients with 
HFA that could involve gray and white matter (Courchesne et al. 2001; Hazlett et al. 2005). These 
alterations are particularly prominent in frontal and temporal regions of children with autism 
(Calderoni et al. 2012; Carper and Courchesne 2005; Hazlett et al. 2006), with a relatively spare of 
the occipital lobe. Similarly, studies using Diffusion Tensor Imaging (DTI) to investigate the whole 
brain confirm a diffuse and atypical connectivity organization in HFA children (Bloemen et al. 
2010; Shukla et al. 2010). Evidences of extensive brain impairment in HFA patients come also from 
functional-connectivity MRI data, that point to an altered connectivity among several brain areas 
during the execution of different complex tasks (Just et al. 2004, 2007; Koshino et al. 2008; Mason 
et al. 2008). The above mentioned anatomical and functional brain alterations are consistent with 
the disrupted cortical connectivity model (Kana et al. 2011), which seeks to understand and explain 
the autistic deficit in higher level cognitive processes as a consequence of the underconnectivity 
among key brain areas. Also, the widespread and global neuropsychological impairments found in 
HFA patients could resemble the neurocognitive profile of negative symptoms in patients with 
chronic schizophrenia (Frith 1995; Fagerlund et al. 2006; Kravariti et al. 2003; Rhinewine et al. 
2005). This adds to the recent literature data showing shared features between these two conditions 
(King and Lord 2011), that involve genetic (Burbach and van der Zwaag 2009; Crespi et al. 2010), 
anatomical (Cheung et al. 2010; Pinkham et al. 2008) and clinical (Couture et al. 2010; Craig et al. 
2004) aspects. 
 
In conclusion, our study supports the utility of NEPSY-II as a sensitive evaluation tool to describe 
the neuropsychological profile of HFA children. It can identify weaknesses and strengths of their 
cognitive abilities and to disentangle between primary and secondary deficits. A deep investigation 
of the neuropsychological impairments in HFA might help the identification of the 
pathophysiological mechanisms associated with the disorder and to design appropriate interventions 
aimed to improve cognitive capacities. 
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Abstract 
Autism Spectrum Disorders (ASD) are thought to be associated with abnormalities in neural 
connectivity at both the global and local levels. Quantitative electroencephalography (QEEG) is a 
non-invasive technique that allows a highly precise measurement of brain function and 
connectivity.  This review encompasses the key findings of QEEG application in patients with 
ASD, in order to assess the relevance of this approach in characterizing brain function and 
clustering phenotypes. QEEG studies evaluating both the spontaneous brain activity and brain 
signals under controlled experimental stimuli were examined. Despite conflicting results, literature 
analysis suggests that QEEG may help in detecting features of altered brain function, in linking 
behavior with brain activity, and subgrouping affected individuals within the wide heterogeneity of 
ASD. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.Introduction 
Autism Spectrum Disorders (ASD) are characterized by impairment in reciprocal social interaction, 
verbal and non-verbal communication, and by stereotypical behaviors and restricted interests 
(DSM-IV-TR, 2000). These features appear in early childhood, tend to be chronic, and often lead to 
poor outcome in adulthood. Recent epidemiological studies estimate the prevalence of ASD to be 1 
in 88 children in the U.S.A. (Centers for Disease Control and Prevention, 2012). Despite an 
extensive research, there is still much debate about the morphological, functional and 
neuropsychological characteristics of the “autistic” brain (Schipul et al., 2011, Muratori et al., 2012, 
Narzisi et al., 2012; Matson et al., 2010), and thus the neural basis of aberrant behaviors in autism 
remains largely unclear. To understand the correlation between brain functionality and autistic 
behavior several neuroimaging and neurophysiological techniques have been used.  Among them, 
Quantitative Electroencephalography (QEEG) is currently receiving great interest and it is 
increasingly used in studies on neurodevelopmental disorders, especially the ASD. It has been 
found relevant for evaluating heterogeneity of behavioral disorders, treatment responses and 
outcomes amongst other issues (Sheikhani et al., 2009). The ease and simplicity of the EEG 
procedure and its millisecond resolution of brain activity coupled with standardized analysis 
protocols provides an opportunity for elaborate analysis of brain functions and dysfunctions. 
Emerging EEG analysis techniques that involve interesting applications of signal analysis protocols 
have given us new and exciting measures of brain function. 
According to the American Academy of Neurology, QEEG is defined as “The mathematical 
processing of digitally recorded EEG in order to highlight specific waveform components, 
transform the EEG into a format or domain that elucidates relevant information, or associate 
numerical results...” (Nuwer,1997). Therefore, QEEG applies computerized mathematical 
algorithms to transform raw EEG data into a number of frequency bands of interest. Five wide 
frequency bands are usually studied, typically defined as delta (1.5–3.5Hz), theta (3.5–7.5Hz), alpha 
(7.5–12.5Hz), beta (12.5–30Hz) and gamma (30–70Hz). In addition, although not included in the 
standard classification of EEG bands, a further alpha-like rhythm, called mu rhythm, has been 
extensively studied especially in the research on ASD. EEG recordings may be performed at rest, in 
both closed and opened eye conditions, or while subjects perform specific tasks. Normative or 
control data are usually needed, in order to give meaning to the functional information obtained.  
In this article we carried out a systematic survey of existing research to present an integrated view 
on how QEEG may help in characterizing autistic brain and present the future direction in the same 
domain. The paper is organized as follows: after briefly describing the fundamentals of QEEG in 
Section 2, we reviewed the recent works on application of QEEG in characterizing the autistic brain 
in Section 3. Three particular directions have been surveyed in detail – QEEG during rest, during 
specific tasks and how QEEG may be applied for classifying autistic subgroups. The paper is 
concluded and future research directions are discussed in Section 4.  
 
1.1 QEEG methods 
For QEEG analysis raw EEG data are collected non-invasively via a set of electrodes typically 
following an international 10/10 or 10/20 electrode placement configuration on the scalp. The 
collected data is then transformed into frequency domain using computerized algorithms (i.e., 
Fourier Transform, Welch Method) and scalp map of different frequency bands is obtained. 
Temporal information is quantified as absolute and relative spectral power and as mean frequency, 
and allows understanding the temporal variations of brain activity in different regions. The spatial 
analysis provides information about the distribution of electrical activity in the brain and the 
interconnectivity among cortical regions through coherence and symmetry analysis. Taken together, 
temporal and spatial information provide a quantitative view of the dynamic evolution of 
connectivity between different brain areas, getting therefore cues on the structural organization of 
underlying neuronal networks in static and dynamic settings. 
Before applying a quantitative analysis, a preprocessing step needs to be performed.  First of all the 
signal is segmented in epochs of the same length and visually inspected, in order to reject those 
epochs with evident artifacts. Any remaining artifact is then removed by using high-pass, low-pass 
and notch filters.  
In most cases, frequencies below 0.5 Hz, due to movement artifacts, and higher than 60 Hz, 
afflicted by muscle artifacts, are filtered out, although this latter operation impairs the possibility to 
analyze gamma band. Notch filter allows removing artifacts caused by electrical power lines (50 Hz 
or 60 Hz according to the country). 
After pre-processing, spectral analysis can be applied to the signal. The Power Spectral Density 
(PSD) can be calculated by transforming the time domain signal to the frequency domain, using 
different techniques such as the Fast Fourier Transform (FFT) or the Welch method. From PSD the 
absolute power of the signal can be computed.  However, since the absolute power measures may 
vary significantly in humans, it is more useful to calculate the power ratios among bands, which 
show less variability among subjects and are less affected by artifacts. Power ratios are expressed as 
a percentage, and are obtained by dividing the absolute power of a specific band by the total 
absolute power of the spectrum. Power ratio can be calculated also between only two bands (e.g. α/ 
θ) or between band sets (e.g. α + β / θ + δ). 
Classical spectral analysis techniques, like the FFT, are very useful when analyzing stationary 
signals. Nevertheless, when dealing with non-stationary signals, as is the case of EEG, they show 
the big disadvantage of not preserving information on the temporal evolution/localization of the 
frequency components. This occurs because changes in frequency content, at a given time instant, 
cause changes to all the Fourier coefficients and therefore it is not possible to localize at which 
times these frequencies occur. In QEEG analysis, temporal information is important to detect and 
monitor changes in brain activity at different time-scales following a specific event. For this reason 
in some studies other techniques as the Short-Time Fourier Transform (STFT) have been used 
(Sheikhani et al., 2007). STFT can be interpreted as the Fourier transform of the signal observed 
through a sliding time window of finite duration. The STFT allows constructing the signal 
spectrogram, which is an image representation of the magnitude of Fourier coefficients within that 
time window and therefore describes the frequency contents of the signal in the neighborhood 
(bounded by the time window) of the selected time instant (Walter, 1963). 
Spectral analysis is often associated with spatial analysis that allows characterizing relationships 
between activities of different brain areas. The spatial information may be mainly derived from 
QEEG data through symmetry and coherence analysis. The symmetry between the two hemispheres 
can be computed using the Brain Symmetry Index (BSI) (van Putten et al. 2004). The BSI captures 
a particular asymmetry in Spectral Power (SP) between hemispheres, and is normalized between 0 
(perfect symmetry) and 1 (maximal asymmetry). Asymmetry is defined by the difference on the 
EEG absolute power between homologous contralateral electrodes and it is calculated as: 
 
BSI D .LH � RH/ = .LH C RH/ 
 
where LH is the absolute power at one electrode in the left hemisphere and RH at its homologous 
electrode in the right hemisphere. On the other hand the coherence function gives an estimation of 
the linear correlation between two signals collected at two different scalp points as a function of 
frequency. Coherence is equal to the normalized cross-spectral density function and a measure of 
phase locking. It can be calculated on the basis of phase synchrony between two signals, which is 
the degree to which two signals maintain a phase locked relationship during time (Walker et al., 
2002). Another more pure definition of coherence was given by Otnes and Enochson (1972) as the 
squared cross-correlation between two waveforms within a specific frequency band that has been 
normalized for amplitude. It is assumed to be an index of functional coupling between different 
brain areas. 
Finally, another interesting QEEG index, recently introduced by Pop-Jordanova N. & Pop-
Jordanova J. (2005), is the ”brain rate”. This is calculated as the EEG spectrum weighted frequency 
with the following formula: 
 
 
 
where the index corresponds to the frequency band (i=1 for delta, i=2, for theta etc.),  is the mean 
frequency of the corresponding band and  is the mean amplitude of the electric potential associated 
to each band. The brain rate can thus be defined as an integral state attribute correlated to brain 
electric, mental and metabolic activity (Pop-Jordanova N. & Pop-Jordanova J., 2005). 
The techniques described above are all linear methods and are the most commonly applied in the 
analysis of QEEG data. Given the nonlinear nature of EEG, however, nonlinear methods could be 
more suitable for the analysis of this signal. Although less conventional, a set of nonlinear 
techniques have been sometimes used in QEEG analysis, allowing to obtain new information not 
detectable through linear methods, such as nonlinear interactions and the complexity and stability of 
underlying brain sites. Some of these techniques, like higher-order statistical analysis, complexity 
analysis and the phase synchronization analysis, have been applied to the study of QEEG signals in 
ASD. Finally, the analysis of microstates represents another promising technique although not yet 
used in ASD research. 
Among the higher-order statistical analysis techniques, the bispectral analysis is an advanced 
technique that quantifies quadratic nonlinearities amongst the components of the EEG signal. In 
particular it measures the phase relationships between different frequency components and on that 
basis quantifies the degree of dependence amongst these components. Bispectrum is computed by 
the Fourier transform of the third order cumulant (a statistical measure of correlation). As the 
bispectrum depends not only on phase coupling but also on the power, it can be normalized in order 
to make it sensitive only to changes in phase coupling. This normalized bispectrum is then termed 
as bicoherence. For a detailed description of the mathematical bases of the bispectral analysis see 
Sigl &Chamoun, 1994. 
Another interesting property of EEG signal is complexity, which reflects random fluctuations over 
multiple time scales in the dynamics of neural networks, thus providing insights about neural 
connectivity. The most interesting methods employed for computing complexity of EEG signals are 
entropy and fractality. Entropy is a physical measure related to the amount of disorder in a system, 
and it describes the irregularity or unpredictability characteristics of a signal. Since regularity is not 
necessarily correlated with complexity, the quantification of complexity of EEG signals can be 
computed using the multiscale entropy (MSE), which measures the entropy across multiple time-
scales (Costa et al., 2002). This method is based on the principle that biological systems are 
modulated by multiple mechanisms, which interact over multiple temporal scales generating 
complex data. Another quantity that identifies the degree of complexity of a system is the fractal 
dimension. This is a non-integer number describing the self-similarity of a system: the whole can be 
fitted by parts of it by shifting and stretching (Mandelbrot, 1977).  
The phase synchrony analysis may be useful when needed to analyse the phase relationships 
between EEG signals at different electrodes, independently of their amplitude (Lachaux et al., 
1999). The basic idea of this technique is to generate an analytic signal from which a phase, and a 
phase difference between two signals, can be defined. On the basis of this phase difference a phase 
synchronization index can be computed, which will be zero if the signals under investigation are not 
synchronized and will be one for a constant phase difference.  
Finally, the technique of functional microstates allows studying brief transactions occurring in the 
brain in the time range of milliseconds. Microstates are defined as time periods, of 80-120 ms, 
during which the potential distribution over the scalp shows stable topographical configuration after 
which a rapid transition to another stable configuration (another microstate) occurs (Lehmann et al., 
1987). Microstates could be considered as the basic blocks of human information processing 
(Lehmann, 1990), reflecting the interactions between environmental information and the subject’s 
previous knowledge and internal state. Microstates can only repeat several times within a period so 
that a cluster approach can be adopted to identify different classes of electrical states composing the 
EEG signal. Several statistical measures can then be extracted and related to the different 
experimental conditions and microstate class, such as mean microstate duration, mean number of 
microstates per second, or the percentage time covered by each state (Koenig et al., 2002). 
For a detailed mathematical description of the nonlinear analysis techniques described above see 
Tong & Thakor (2009). 
QEEG data are usually obtained using commercial or free software that are able to extract the most 
common features of EEG signals. The use of advanced techniques such as Independent Component 
Analysis (ICA), and neuroimaging techniques such as Low Resolution Electromagnetic 
Tomography (LORETA) (Pascual-Marqui, 1994) are used to map the actual sources of the cortical 
rhythms. These advanced techniques may, therefore, represent a promising approach to understand 
the dynamics and functions of the brain in a number of neurological diseases, including ASD.  
 
 
2. Method 
Individual literature searches were conducted using MEDLINE-PubMed, Scopus, and Science 
Direct with Full Text. A combination of the following free-text terms with truncation and Boolean 
operators was used: autism, autism spectrum Disorder, ASD, quantitative EEG, QEEG, rest, task, 
spectral analysis, coherence, asymmetry, entropy, phase, and complexity. The search was limited to 
English-language, but no other restrictions (e.g., date of publication, type of publication) were 
applied. Studies were included for review if they met the following criteria: QEEG was obtained at 
rest in ASD individuals compared to healthy controls, QEEG was obtained during specific tasks, 
and QEEG was used to subgroup ASD. 
Studies were excluded if they focused on the use of QEEG for neurofeedback-guided treatment, 
because it was beyond the aims of this review. 
 
3. Results of search strategy 
Overall, twenty studies were found and included in this review (11 at rest conditions, 7 during 
specific tasks, and 2 for subgrouping ASD). 
 
3.1 QEEG in autism 
QEEG has been adopted in several studies for the assessment of ASD with the aim of finding out 
quantitative indices characterizing brain functions. An understanding of how this evolving 
technique can aid future research in ASD is very important. 
Several studies highlight QEEG capacity to classify subjects with ASD from controls, or different 
subgroups of ASD. Moreover, QEEG has been also applied as a tool for therapeutic intervention 
through a neurofeedback approach, although its use in ASD is still poorly reported in literature. A 
description of neurofeedback methods and of its application in ASD, however, is beyond the aim of 
this article, and readers may refer to dedicated original researches and reviews (Kouijzer et al. 2009; 
2010; Pineda et al., 2008; Coben et al. 2010). 
In the following subsections we will review the main applications of QEEG in three different 
scenarios: 1) closed or open eyes rest condition; 2) subjects performing specific tasks; 3) subtyping 
of ASD through QEEG information. All the studies reviewed here are summarized in Table 1. This 
research provides evidence for the utility of QEEG in extracting objective measures that can 
characterize brain activity in different conditions. 
 
 
 
3.2 QEEG during rest 
QEEG during rest conditions represents one of the most used applications of this technique in the 
field of Autism Research. Neural oscillations reflect the synchronous firing of large populations of 
neurons mediated by excitatory/inhibitory interactions and can be registered on the scalp. QEEG at 
rest may therefore inform, in vivo, on the balance between excitatory and inhibitory activities, 
which in turn could affect the cognitive and social functioning in ASD (Rubenstein and Merzenich, 
2003; Bourgeron, 2009). The observation of spontaneous brain activity also allows characterizing 
different patterns in functional connectivity that might specify functionally relevant brain networks. 
Finally, by studying power fluctuations of different bands it is possible to notice deviations from 
normal patterns that reflect the organization of the underlying system. 
One of the first studies on QEEG in autism was by Cantor et al. (1986). The aim of this study was 
to examine if QEEG analysis could be used to differentiate low-functioning children with ASD 
from age-matched neuro-typical controls mentally retarded subjects and a group of mentally age-
matched non-ASD toddlers. Data were acquired using a 10/20 montage during a rest condition in 
which subjects were asked only to remain still with open eyes and spectral as well as spatial 
analysis on the acquired data were performed. Differences in power spectral density (PSD), 
coherence and symmetry were found. In particular, children with ASD showed a significantly 
greater percentage delta and less alpha activity, higher degree of coherence between and within 
hemispheres, especially in delta and alpha band, and less amplitude asymmetry in every band. 
Interestingly, while ASD subjects significantly differentiate from age-matched controls and 
mentally retarded subjects, the pattern of activation was similar to the one obtained in non-ASD 
toddlers. The authors suggest that this finding could indicate a maturational lag in cerebral 
functioning of subjects with ASD. 
Chan et al. (2007) also studied PSD in children with ASD and in normal controls by recording EEG 
in an open-eyes condition. In this study both low and high-functioning ASD children were included 
in the sample set. In consistence with the previous study, the ASD group showed significantly 
higher absolute delta and lower relative alpha. The authors attempted to localize the abnormalities 
in EEG signal, and found similar results at each channel suggesting that QEEG characteristics were 
not regionally specific but were observed across all the cortex of children with ASD. This 
conclusion is also consistent with neuroimaging data indicating widespread brain abnormalities in 
ASD that include volume (Brambilla et al. 2003, Courchesne et al. 2001, Courchesne et al. 2004), 
gray matter (Waiter et al. 2004, McAlonan et al. 2005), white matter (Barnea-Goraly et al. 2004, 
Keller et al. 2007, Cheung et al. 2009) and functioning (Belmonte et al. 2003, Huble et al. 2003).  
Abnormalities in lateralization in ASD children were also found in the study of Stroganova et al. 
(2007). They acquired EEGs in open-eyes condition, in a large group of high-functioning children 
with ASD and in age-matched controls. Soap bubbles or movies were presented to the children in 
order to maintain attention. The mean spectral power was calculated for delta, theta and alpha 
frequency bands. Brain asymmetry indices were calculated for the homologous electrodes of the left 
and right hemisphere. An increased prefrontal delta activity in ASD was found. However no 
significant differences between ASD and controls in alpha or theta absolute spectrum were shown. 
The most important finding of this study is that there exists atypical EEG asymmetry in children 
with ASD. In particular the authors found: 1) a broadband leftward EEG asymmetry at the temporal 
and some adjacent regions that was absent in controls and 2) a symmetrically distributed mu rhythm 
in ASD across central sites of the left and right hemisphere, whereas in controls it was lateralized to 
the left. The first result could reflect structural asymmetries in the brain, although research on this 
issue is still inconclusive. For example, a decrease of deep white matter predominantly in the right 
hemisphere of ASD individuals has been found in two recent studies (Boddaert et al., 2004; Waiter 
et al., 2005). However, further research is needed to adequately correlate structural and 
neurophysiologic data in ASD. Concerning the second result, the asymmetric distribution of mu is 
known to be linked to motor function and means that there is a greater down regulation of 
sensorimotor areas of the left hemisphere, involved in the control of the dominant right hand. On 
the contrary, the symmetrical distribution may be linked to a decreased control of motor function of 
the right hand. It is important to notice that this abnormal pattern is not specific for autism but can 
be found in several clinical conditions in which there is an impairment of motor functions. 
Coben et. al (2008) demonstrated how the closed-eyes condition may cause changes in PSD and in 
coherence. In this study EEG was acquired on high-functioning children with ASD and controls and 
absolute and relative power density for each band were computed. Moreover intra-hemispheric and 
inter-hemispheric coherences were calculated. In this study opposite results in delta and beta band 
spectra with respect to the open-eyes condition were found. In fact a reduction in absolute and 
relative delta and an increase in absolute beta and relative theta were found in subjects with ASD 
with respect to the controls. In particular, largest reductions in absolute and relative delta were in 
the left frontal and posterior region and, while largest absolute beta increases were observed in the 
midline regions and largest relative theta increases in right posterior regions. Also the coherence 
analysis revealed opposite results with respect to the open-eyes condition. In this study ASD 
patients showed reduced intra-hemispheric as well as inter-hemispheric coherence in particular in 
the delta and theta band. Moreover they displayed lower inter-hemispheric coherences in the delta 
and theta bands in frontal regions, lower coherences in the delta, theta and alpha bands in temporal 
regions and lower coherences in delta, theta and beta bands in the central/ parietal/occipital regions. 
The large amount of significant differences in coherence values in several brain regions, suggests 
that the connectivity deficit is a primary cause of dysfunction in ASD as under-connectivity may be 
associated with the social cognition deficits (Barnea-Goraly et al., 2004), frontal system dysfunction 
(Belmonte et al., 2004) and facial and sensory processing problems (Firth et al., 2003) in ASD. 
Murias et al. (2007) have studied the eye-closed condition by using a high density EEG system (124 
electrodes) in adult ASD population. Indeed, a high-density approach, by employing more number 
of electrodes, allows increasing spatial resolution of the EEG potentials and improving signal 
source localization. Spontaneous EEG was collected during eyes closed resting state and a spectral 
analysis as well as a coherence analysis was performed. In this experiment, ASD group showed an 
elevated relative theta and reduced relative alpha power primarily in the frontal and prefrontal 
regions. In addition, a reduced relative alpha and increased relative beta power was observed in the 
occipital/parietal regions, with bilateral central regions approaching significance. Significant 
differences in coherence analysis between the two groups were also observed. ASD group 
coherence was increased in theta band and it was reduced in alpha band with respect to the controls. 
The results of this study are in agreement with the theory of local over-connectivity and global 
under-connectivity in ASD (Courchesne & Pierce, 2005). In fact EEG oscillations in the theta range 
reflect locally dominant neocortical processes, whereas alpha oscillations represent more globally 
dominant phenomena that are more dependent on cortico-cortical and callosal fibers (Nunez et a., 
2006).  
In a more recent study by Pop-Jordanova et al. (2010) both the open-eyes and the closed-eyes 
conditions were investigated. In this study EEG data obtained on ASD children were compared to 
data belonging to neurotypical subjects contained in a database. The authors found an increase 
delta/theta power in ASD in both conditions. Moreover they noticed that in the open eyes condition 
there was an increase in beta power with respect to the closed eyes condition in both groups. These 
results were only partially in agreement with the previous studies. The authors also have introduced 
here a new index, namely the spectrum weighted frequency (brain rate), as an indicator of general 
mental arousal in these patients. They found a reduction of brain rate in all regions in autistic 
children compared to the controls, indicating a lower general mental arousal in ASD. 
Also in the most recent study by Mathewson et al. (2012) where QEEG technique was applied in 
the study of high-functioning adults with ASD, both the open-eyes and the closed-eyes condition 
were analyzed. The novelty of this study is that the features extracted by QEEG analysis related to 
power and frequency, were correlated to behavioral performances measured with the Autism-
Spectrum Quotient (AQ; Baron-Cohen et al., 2001). The AQ is a 50-item self-report instrument that 
measures the degree to which adults with average or close to average intelligence present traits 
associated with autism and its phenotype. In particular in this study the scores obtained with this 
instrument were clustered in two groups: preferential attention to detail and deficits in social 
interaction. The social interaction factor included deficits in social skills, communication, attention 
switching and imagination. EEG data were continuously recorded by means of a 128-channel 
system during a resting baseline condition in which eyes-open and eyes-closed conditions 
alternated. The absolute PSD was calculated for each band separately at each single electrode, 
however in order to reduce the computational complexity, power was averaged within four 
quadrants: left frontal, right frontal, left posterior and right posterior. Moreover coherence was also 
computed. In particular regional coherence was computed as the average coherence among pairs of 
non-midline sites in the following regions: left and right prefrontal, fronto-central, centro-parietal 
and parieto-occipital. The main focus of the study was alpha band because it is thought to indirectly 
reflect the level of cortical excitability in the regions where it is found. It means that higher resting 
alpha power might denote cortical deactivation or inactivity (Rihs et al., 2007; Sauseng et al., 
2009). Power analysis showed that in the eye-open condition the alpha power was higher in ASD 
group than in the controls in all regions while in eye-closed condition no difference was found. 
Regarding the other bands, beta, gamma and theta powers were increased in ASD group. An 
analysis of the amount of alpha suppression in occipital regions was also performed. The results 
indicated that at O1 a significantly greater alpha suppression was present in control subjects than in 
ASD group. This difference in suppression is related to the fact that alpha suppression is associated 
with optimal neurological functioning that is impaired in ASD. In contradiction with the previous 
studies no differences in coherence between the two groups was found. While correlating the 
spectral power with the AQ score it was found that in ASD participants, alpha power was inversely 
correlated with preferential attention to detail in posterior and frontal regions both in eye-open and 
eye-closed condition while no correlation was found in controls. From the coherence analysis a 
positive correlation between alpha coherence in eye-closed condition and attention to details was 
found in the right centro-parietal region in controls, while in ASD group, attention to details was 
inversely correlated with coherence in eye-opened condition in the right centro-parietal region and 
in eye-closed condition in the parieto-occipital regions. Moreover in both groups alpha coherence in 
eye-open was inversely correlated to social functioning in the right fronto-central region. For the 
other bands, increased theta coherence in the left centro-parietal region in eye-closed condition 
appeared to be related to poorer social functioning in ASD, while increased gamma coherence in 
the same region and condition appeared to be beneficial to social functioning in controls. The 
negative correlation between attention to detail and alpha power and coherence in parietal regions 
in ASD is consistent with the theory of altered parietal functioning. An explanation of this result 
could be that in ASD the mapping of attention focus may be exaggerated at the expense of attention 
prioritizing. Moreover the negative correlation between alpha coherence and attention to details is 
consistent with the fact that the brain is more receptive to incoming sensory information when 
neural activity is desynchronized than when it is engaged in performing a specific task. 
In a few articles nonlinear analysis techniques have been used to study particular properties of EEG 
signals. In the study of Sheikhani et al. (2007) the authors computed three types of transforms at 
each electrode for discriminating between ASD and controls: the STFT, the STFT-BW calculated 
considering the bandwidth of all the spectra as window, and the bispectrum. Data were acquired 
using a standard 10/20 system during eye-closed condition. The authors did not find any difference 
in STFT or bispectrum but they found significant differences in STFT-BW over Fp1, F3, F7, T3, T5 
and O1. Since the sample of ASD and controls is very small in this study, it is difficult to draw any 
conclusions from the results. The bispectral analysis needs to be tested in a larger sample of 
subjects to see if it gives significant results and relevant information on brain activation not 
evidenced by the most common power spectral analysis. 
In another study by Ahmadlou and colleagues (2010), the complexity of EEG signals in ASD and 
controls was investigated by using fractal dimension analysis. Data were acquired on ASD and 
controls during eye closed condition and a wavelet analysis approach aimed at decomposing the 
signal into the five standard EEG bands. For each band and electrode the fractal dimension was 
computed using two methods: Higuchi’s Fractal Dimension (HFD) (Higuchi, 1988) and Katz’s 
Fractal Dimension (KFD) (Katz, 1988). Significant differences between ASD and controls in HFD 
were found especially in gamma, beta and alpha and in KFD in gamma, beta and delta. Differences 
were most significant for KFD meaning that this method is a more effective tool for discriminating 
between ASD and controls. This study shows how fractal dimension, providing additional 
information about EEG signals, could be an important instrument for the identification of brain 
abnormalities in ASD. 
Thatcher and colleagues (2009) applied phase analysis for the investigation of phase reset 
mechanism in high-functioning children with ASD. Phase reset is defined as the succession of 
phase shifts (e.g. 30–80 msec) and phase locking (e.g., 100–800 msec) of clusters and sub-clusters 
of neurons. This process is regulated by GABA mediated thalamo-cortical circuits that is believed 
to be compromised in ASD (Orekhova et al. 2008). EEG data were acquired on ASD subjects and 
age-matched controls during eyes open resting condition. Complex demodulation was used to 
compute phase differences between the signals from each pairs of electrodes. The first and second 
derivatives of time series of phase differences were also computed. The onset of a phase shift was 
defined as a significant absolute first derivative while phase locking was considered as the period of 
time after a phase shift where there was a stable near zero first derivative. Each phase reset (PR) 
was composed by a phase shift of a finite duration (SD) and a phase locking of an extended 
duration (LD). SD is the interval of time from the onset of phase shift to its termination defined by a 
peak in the first derivative and a peak in the second derivative or inflection on the declining side of 
the time series of first derivatives. LD was defined as the interval of time between the end of a 
significant phase shift and the beginning of a subsequent significant phase shift. Both in ASD and in 
controls SD, LD and PR were computed for each pairs of electrodes in each EEG band. The 
comparison between the two groups showed that SD was significantly shorter in ASD than in the 
controls in particular in alpha-1 frequency band (8–10 Hz). On the contrary LD was consistently 
longer in ASD especially in alpha-2 frequency band (10–12 Hz). The results of this study 
demonstrate an altered mechanism of neural synchronization in ASD, and suggest that increased 
phase lock periods, that represent the time in which clusters of neurons are synchronized, could 
reflect less cognitive flexibility, less availability of neural resources, and consequently reduced 
intelligence. However, higher statistically significant differences were found at short rather than 
long inter-electrode distances, suggesting that the defect in the mechanism of phase locking is 
particularly present in local neural.  
In a recent study by Bosl et al. [2011] a non-linear analysis based on the calculation of Multiscale 
Sample Entropy (MSE) was performed. The analysis was applied to EEG signals acquired on a 
group of “High Risk” of autism (HRA) infants, which were siblings. Data were obtained during 
resting state eyes open using a 64-channels EEG system. For a more accurate comparison the 
sample set was divided in sub-groups according to age: 6, 9, 12, 18 and 24 months. The authors 
found a decrease of MSE in HRA over all EEG channels across all scales and ages. When 
considering the trajectories of mean MSE with age, it was shown that while the pattern of 
complexity was almost the same in the two groups in the age range 6-9 months, there was a strong 
decrease in EEG complexity in the HRA groups in the age range 9-12 months. Several 
classification approaches were then applied to distinguish between the groups of controls and HRA 
subjects according to the EEG complexity features. The machine learning approach represents an 
accurate classification method, especially in the first year of life of the children. As underlined by 
Griffin & Westbury (2011), in their commentary to the article of Bosl and colleagues (2011), these 
results should be viewed with caution because they identify an alteration of MSE in the whole 
population of HRA subjects without differentiating between the ones who will really develop 
autism and the ones who will have a typical development or other neuropsychiatric disorders. 
However, this study could be a promising starting point to carry out further investigation in order to 
highlight the differences in EEG complexity at the individual level, possibly helping to predict the 
risk of developing autistic traits.  
 
3.2 QEEG during specific tasks 
The application of QEEG processing technique during cognitive tasks can give the possibility to 
view the dynamic changes which take place in the brain during these conditions, determining which 
areas of the brain are engaged and how to develop effective treatments. Although in the past some 
researchers have considered that EEG signals acquired during task conditions are destabilized or 
otherwise corrupted (Thatcher, 1998), recent researches have challenged this conclusion. For 
example, McEvoy et al., (2000) have demonstrated greater stability of QEEG signals recorded 
during cognitive tasks, with respect to the resting condition and therefore paving the way for 
developing task-specific understandings of brain operation. 
The study from Oberman et al. (2005) has analyzed the mu (8-13 Hz) power over the sensorimotor 
cortex during imitation tasks. The measure of mu power is an index of neuron synchronization or 
desynchronization. At rest sensorimotor neurons spontaneously fire in synchrony, leading to large 
amplitude EEG oscillations leading to elevated power in mu frequency band. Conversely, during 
action, these neurons fire asynchronously, and therefore the power in mu band decreases. 
Sensorimotor neurons could be considered as belonging to the well-known “mirror neurons” system 
(Rizzolatti and colleagues, 2001). Several studies have related the imitation deficit in subjects with 
autism to an impairment of this neural system (Williams et al. 2001; Nishitani et al. 2004; Iacoboni 
et al. 2006). Nevertheless the findings of some recent studies argue against a mirror system 
dysfunction in autism (Dinstein et al. 2010; Fan et al. 2010). 
In the study by Oberman and colleagues, EEG from high-functioning ASD and controls were 
recorded during observation of (biological and non-biological) motion. The absolute mu power and 
power ratios were computed over the electrodes considered located on the sensorimotor cortex: C3, 
C4 and Cz. While controls showed a decreased mu power both in self-initiated hand movement and 
in observed biological motion conditions, the ASD group showed the same effect only during the 
first task, suggesting mirror neuron dysfunction in autism.  
Sheikhani et al. (2010) used the spectrogram method to analyze data acquired on a group of 
children with ASD and age-matched controls during sustained visual attention. The spectrogram 
criteria – defined as the average of all the frequency component values of spectrogram greater than 
70% of the maximum value for each frequency band as well as the coherence between pairs of 
different electrodes were computed. The results showed significant differences in alpha, beta and 
gamma bands within these two groups. In particular the ASD group exhibited lower values of 
spectrogram criteria in alpha, beta and gamma bands, whereas no significant difference was 
observed in the delta band. According to these results EEG signal show the most significant 
differences in the temporal and in the frontal regions in the left brain hemisphere. These results 
agree with several studies showing an impairment of left hemisphere, in particular in temporal and 
frontal regions, in ASD (Rojas et al., 2002; Chandana et al., 2005; Rojas et al., 2005). The authors 
also showed an increase in the degree of coherence in the ASD group, and suggested increased 
functional connectivity of temporal lobes with other lobes in the gamma band frequency. 
In another study of the same authors (Sheikhani et al., 2009), children with ASD and controls 
underwent EEG acquisition in 9 different conditions (1. eye-closed condition, 2. eye-opened 
condition, 3-4-5. looking at three samples of Kanizsa shapes, 6. looking at mother’s picture upright 
and 7. inverted, 8. looking at stranger’s picture upright and 9. inverted in frequency bands). 
Spectrogram and PSDs were calculated for each band at each condition. In the relaxed eye-opened 
condition children with ASD showed significant differences in gamma band with lower values of 
spectrogram criteria (Fp1, Fp2, T6) and higher values of spectral power (Fp1, Fp2). Spectrogram 
criteria were also significantly different in the alpha band (T3, F7 and C3) when ASD and control 
children looked at the inverted mother’s picture, and in alpha (F4, F8, Pz), beta (F7, F8, C4) and 
gamma (T4) bands, when they looked at an inverted stranger’s picture. Given that gamma band 
seems to play a role in the synchronization of cortical nets region, especially in recognition and 
perception, the authors suggested an abnormal functioning on these issues in ASD. Furthermore, 
since the alpha band is associated with the coordination of wider areas of the brain, and beta band 
plays a role in integrating neighbouring areas, the abnormal spectrogram criteria found in this study 
might suggest a defect of coordination and integration in ASD. 
In a recent study by Chan et al. (2011), QEEG techniques were employed in order to examine the 
association between memory performance and fronto-posterior theta coherence in individuals with 
ASD. The theta band is the 4-8 Hz range of frequencies and several studies have found associations 
of theta-band amplitude with the performance of working memory tasks (Klimesh et al. 1994) and 
long-term memory encoding and retrieval (Larson et al. 1986). Moreover basic research in animals 
and neuroimaging studies in humans have shown that during working memory tasks multiple brain 
areas are activated, in particular the prefrontal and postrolandic association cortices as well as the 
cingulate cortex and medial temporal areas (Fuster, 19975; Postle et al., 2000; Krause et al., 2000b). 
Given these findings, it has been suggested that connectivity abnormalities in these brain areas 
could be the neural bases of memory deficits in autism (Rippon et al., 2007). In the study by Chan 
and colleagues EEG data was recorded during an object recognition task. ASD individuals showed 
elevated fronto-posterior long-range theta coherences, both intra-hemispheric (in the left 
hemisphere) and inter-hemispheric (from left anterior to right posterior regions). Moreover an 
opposite asymmetry pattern was observed: coherences in controls were higher in the right than in 
the left hemisphere, while in ASD children the pattern was opposite. A correlation analysis between 
memory performance and coherence measures showed in ASD significantly negative correlations 
between memory performance and the inter-hemispheric (left anterior–right posterior) long-range 
coherence, whilst unlike previous studies, no significant correlations were found in controls. The 
abnormal pattern in ASD children could be explained with a hyper-functional connectivity in theta 
band with respect to controls that decrease the efficiency of memory processing. 
Some authors have outlined the importance of studying the high EEG frequencies in order to 
characterize brain activity in ASD. The paper from Orekhova et al. (2007) aims at analyzing the 
differences between controls and ASD in high frequency EEG bands. EEG activity was recorded in 
young children with autism and age-matched controls during sustained visual attention. The mean 
PSD was calculated in three high frequency bands: beta (13.2–24 Hz), gamma1 (24.4–44.0 Hz) and 
gamma 2 (56.0–70 Hz). The authors of this study showed an enhancement of spontaneous high 
frequency EEG oscillations in ASD, especially in gamma1 band. The most involved brain areas 
were the midline, central and parietal regions. Moreover a significant positive correlation between 
the power spectrum value of gamma1 and the degree of developmental delay in ASD group was 
found. The excess of high frequencies in ASD agrees with the theory of an increase in ratio of 
excitation/inhibition in autism that leads to the formation of “noisy” and unstable cortical networks 
(Rubenstein and Merzenich 2003).  
In the most recent study by Lushchekina and colleagues (2012), the authors have tried to identify 
the neuropshysiological components of cognitive abnormalities in ASD. EEG recordings, made in 
the standard 10/20 scheme were performed at baseline (rest with closed eyes) and during a 
cognitive task, consisting of counting, adding and subtracting. Spectral power and mean coherence 
were studied in the alpha, beta, and gamma ranges by averaging and comparing the results between 
groups of subjects. Both healthy subjects and patients showed a marked frontal-occipital alpha 
gradient in baseline conditions. ASD individuals showed right-sided predominance of PSD in the 
alpha range, both at rest and during cognitive tasks. In addition, in ASD the PSD of the gamma 
rhythm in baseline conditions was higher than that in the controls. During the cognitive task in ASD 
group the spectral power and mean coherence of fast rhythms did not change.   
There is also one study by Catarino and colleagues (2011) in which EEG data were acquired from 
adult ASD individuals and controls during a visual task, and analyzed applying a non-linear 
technique. In particular a complexity analysis was performed using the MSE measure already 
described in the study of Bosl et al. (2011). The task consisted in the detection of 30 pictures of 
neutral faces (15 male, 15 female) and 30 pictures of chairs. Both a MSE investigation and a more 
traditional power spectral analysis were performed for each group and condition. 
While no differences were found in power spectral density, the authors demonstrated reduced 
entropy in ASD with respect to controls especially at higher time-scales, confirming that the 
decrease of MSE can be associated to impairments in brain function and connectivity as already 
hypothesized by Bosl et al. (2011). 
 
3.3 QEEG for the identification of autistic subgroups 
As it is largely known, ASD is a set of disorders with a considerable etiologic heterogeneity 
(Kozlowski et al., 2011; Matson et al., 2007). Several researchers have tried to stratify ASD 
subjects into more homogeneous subgroups, in order to overcome ASD heterogeneity, by analyzing 
behavioral and functional features (Matson et al., 2011). QEEG may help in subgrouping people 
with ASD by providing more objective and quantitative features characterizing different groups of 
affected individuals. However, despite the fact that QEEG approach seems very promising, only 
few studies have so far been directed to this end. 
Dawson et al. (1995) showed how QEEG is not only useful in differentiating subjects with high-
functioning ASD from controls but also in distinguishing amongst subgroups which differ in degree 
and nature of social impairments. Twenty-eight children with autism were classified according to 
Wing and Gould (1979) classification system: "Aloof", "Passive" and "Active-but-odd". In 
particular, the authors studied the “passive” and the “active-but-odd” groups. EEG was acquired 
during sustained visual attention, and the PSD were calculated for each band. The passive group 
showed reduced EEG power in delta and theta bands in all brain regions and reduced alpha power 
in the frontal regions. Since the alpha activity is related to social engagement a reduced alpha 
activity could reflect, in this “passive” group, a lack of active engagement in social information 
processing.   
In another study by Sutton et al. (2004), QEEG analysis was performed in order to correlate resting 
cortical brain activity with social behaviors in higher functioning children with autism. Different to 
Dawson et al., which has subgrouped ASD children according to behavioral characteristics, and 
compared EEG measures amongst different subgroups, Sutton et al used QEEG to determine 
subgroups and related neurophysiologic measures with behavioral characteristics. Data were 
acquired on high-functioning ASD children and controls during eyes opened and closed conditions. 
Signals from the left and right midfrontal (F3, F4), lateral frontal (F7, F8), central (C3, C4), and 
parietal (P3, P4) sites, as well as the midline central (Cz) site were considered and PSD for each 
electrode was computed. The analysis focused on the alpha band, due to its stronger relation with 
behavioral measures with respect to other frequency bands. Moreover an asymmetry index was 
calculated for homologous electrode pairs and was used for subgrouping autistic children. Three 
subgroups were obtained using computer-generated cut points: 1) the most extreme right midfrontal 
asymmetry scores (RFA Group), 2) the most extreme left medial frontal asymmetry scores (LFA 
group) and, 3) the intermediate frontal asymmetry (IFA Group). In addition several behavioral 
scales were used in order to assess social abilities and cognitive profiles and to see if different 
subgroups of autistic children have different EEG patterns. The comparison between the control 
group and the ASD group showed a reduction of alpha power density in anterior, central, and 
posterior cortical regions of control individuals. Moreover, the ASD group showed a different 
asymmetry pattern because of more left-sided than right-sided activity in mid-frontal and central 
regions compared to the control group. The results of the comparison amongst subgroups showed 
that greater left-sided mid-frontal activity was significantly related to greater social anxiety, greater 
general anxiety, greater social stress, and less satisfaction with interpersonal relations. Moreover 
LFA group had a significantly lower performance than other groups on measures of visual spatial 
analytic processing. 
 
4. Discussion and conclusions 
The review of the state-of-the-art applications of QEEG in characterising ASD has shown the 
relevance of this technique for assessing brain function and help in developing new diagnostic 
approaches.  
Taken together, reviewed studies show that children with ASD present several differences in power 
spectra, coherence and symmetry measures with respect to controls. This is true both when the 
signals are acquired in resting conditions - with either open or closed eyes - and when specific tasks 
are performed. However, QEEG features strongly depend on the diverse experimental settings (for 
example EEG recorded during observation of actions or during execution of actions) that may lead 
to different results. In addiction most parameters such as power spectra, coherence and asymmetry, 
change with age and may vary according to behavioural, cognitive and clinical characteristics of the 
patients. The wide heterogeneity of the samples examined in the literature, particularly with regard 
to the cognitive level and age, and the different non-homogeneous criteria used to diagnose ASD, 
makes it difficult to compare these studies and achieve unique general conclusions. 
Studies performed in an eye-open rest condition present some univocal results, such as the constant 
increase on delta power in ASD with respect to controls (Cantor et al., 1986; Chan, et al., 2007; 
Stroganova et al., 2007; Pop-Jordanova et al. 2010), but mainly some contradictory results. The 
power of alpha band in ASD, with respect to healthy controls, was found to be reduced (Cantor et 
al., 1986; Chan, et al., 2007), unchanged (Stroganova et al., 2007), or even increased (Mathewson et 
al., 2012) in different studies. Also, the degree of asymmetry was found either broadband decreased 
in ASD (Cantor et al., 1986) or leftward increased (Stroganova et al., 2007). This latter study also 
showed a symmetric mu rhythm, which was paradoxically asymmetric in healthy controls. 
Coherence between and within hemispheres was analysed in the studies of Cantor et al. (1986) and 
Mathewson et al. (2012), who found different results. Cantor et al. (1986) found increased 
coherence in ASD while Mathewson did not. Several differences characterize the samples involved 
in these four studies, which may in part explain these conflicting results. For example, the age range 
of children enrolled in the study of Stroganova et al. (2007) (3-8 years) was lower with respect to 
the sample of Cantor et al. (1986) (4-12 years) and Chan et al. (2007) (5-18 years), while 
Mathewson et al. (2012) tested adults. Moreover the cognitive level of ASD children was different 
in the different studies (low functioning in Cantor’s study, both high and low functioning in 
Stroganova’s study and only high-functioning in the others). It is possible that the different ages of 
the children enrolled by Stroganova et al. (2007) and Cantor et al. (1986) may explain the different 
patterns of asymmetry found in the two studies. However, age appears to be not discriminant with 
respect to alpha power, which was similarly reduced in the two studies. Interestingly, both 
Stroganova et al. (2007) and Cantor et al. (1986) studies were performed on children with a low 
cognitive functioning, whereas Chan et al. (2007) and Mathewson et al. (2012) enrolled high 
functioning ASD individuals. Thus, cognitive level seems to influence the different findings of 
alpha power within ASD individuals, more than the diagnosis of ASD per se. Finally, both age and 
intellectual disability may justify the differences in intra and inter-hemispheric coherence found by 
Cantor et al. (1986) and Mathewson et al. (2012). 
In closed eyes condition, results are even more contradictory both in terms of power and coherence 
(Coben et al., 2008; Murias et al., 2007, Pop-Jordanova et al., 2010; Mathewson et al., 2012). 
Except for the study of Pop-Jordanova et al. (2010), which do not define the cognitive level, all 
these studies were performed on high functioning individuals. Moreover, the study by Murias et al. 
(2007) and Mathewson et al. (2012) have been performed on adults, whereas the study of Coben et 
al. (2008) on scholar children and the one of Pop-Jordanova et al. (2010) on pre-scholar children. 
This suggests again that the different age range of the subjects participating to the different studies 
may at least in part influence the results. Moreover, the different findings of Murias et al. (2007) 
and Mathewson et al. (2012) on adult subjects (with respect to both alpha power and coherence) 
may in part be due to the different methodological approach. By considering all the 128 electrodes 
in computing power spectrum and coherence, Murias et al. (2007) found a decrease both in power 
and coherence in alpha band (Murias et al., 2007), whereas Mathewson found no differences, after 
reducing the dimensionality of the problem by computing the mean values of electrodes included in 
wider cortical regions (Mathewson et al., 2012). Therefore, the analysis of neural networks with 
higher spatial resolution seems to allow a thinner characterization of brain activation and 
connectivity. 
Although the exact meaning of changes in spectral power and coherence in ASD children is not 
easy to understand, in resting state condition, both dysfunction of general state of arousal or of more 
specific systems of cognitive processing may explain these findings. However by correlating brain 
activity findings with behavioural measures, Mathewson et al. (2012) showed that cognitive 
function and modulation might influence QEEG also at rest. 
Acquiring data while children perform specific tasks allows having a better characterization of the 
link between behaviour and brain activation, although the possibility to drive definitive conclusions 
is limited due to the small number of studies and of sample size. Differences between ASD subjects 
and controls during tasks mainly involve high frequencies, alpha, beta and gamma, which have been 
found increased (Sheikhani et al., 2009; Orekhova et al., 2007; Lushchekina et al., 2012) in ASD 
population, regardless of the type of task. Moreover some authors also found an increase in 
coherence during tasks, in ASD with respect to control, supporting the hypothesis of an increased 
functional connection between cortical networks (overconnectivity) at the basis of the aberrant 
behaviours observed in autism. 
In literature, moreover, there are two studies in which QEEG is used for subtyping ASD (Dawson et 
al, 1995; Sutton et al., 2004), suggesting that some QEEG parameters may correlate with different 
behavioural patterns or clinical subtypes in ASD. Although only two studies are currently reported, 
this could be an important area where the QEEG method has a utility to understand the subgroup 
structure of a psychiatric disorder, especially since most of these are so heterogeneous in 
presentation and response to therapy. Further investigations of these subtypes, in terms of their 
electrophysiological responding in a range of paradigms, would appear promising, as they allow 
specific predictions to be made about the developmental time course, medication responses, and 
possibly pathophysiological underpinnings. 
In addition, due to the fact that brain activation and so QEEG measures are strictly dependent on 
age, it is very important evaluating developmental processes in autism. QEEG, in fact, may show 
different developmental patterns in infants with high and low risk for ASD, and could be therefore 
used as a promising endophenotype for early diagnosis in at-risk children (Tierney et al., 2012). 
Non-linear techniques, such as entropy (Bosl et al., 2011) have also been used at this end. This 
technique, like also fractal dimension or phase coupling (Sheikhani et al., 2007; Ahmadlou et al., 
2010; Thatcher et al., 2009; Bosl et al., 2011), is appealing not only in order to characterize autistic 
brain but to obtain potential biomarkers of the disorder, not otherwise discoverable with common 
linear methods. 
Overall, it is important to underline that QEEG activity components may also have some personal 
characteristics that can be associated with each individual. The assessment of these characteristics 
has a crucial importance for establishing a QEEG “baseline”, which may be different for each 
person. This sort of metrics on the brain’s function could be used, in the future, to develop 
personalized treatments (for example by using connectivity-guided neurofeedback), and evaluate 
the effects of therapies through quantitative measures of brain activity.  
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Abstract 
This paper evaluates the current literature on non-pharmacological early interventions [behavioural, 
developmental and educational approaches] for pre-schoolers [aged 24-71 months] with autism 
spectrum disorders. Although there is significant heterogeneity across the included studies, the 
present review stresses the importance of considering the wide range of interventions through 
behavioural [behavioural or developmental interventions] and educational continuum according to 
the suggestions of the recent literature on this field. Furthermore, the present review: 1] outlines the 
issues about the scientific validity of the treatment outcome studies; 2] describes the findings of 
different parent-mediated interventions; 3] highlights the importance to use the same outcome 
measures through the studies to compare findings of different literature contributes; and 4] focuses 
on the importance to consider pre-treatment variables to identify children who will have better 
outcomes. We also summarize and outline here some evidence-based guidelines about clinical 
management and treatment. Finally, we give practical recommendations to clinicians working in the 
field suggesting both the presence of a specialized team and of an active collaboration of the family 
to treatment as core milestones for the clinical management.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction 
Autism spectrum disorders [ASD] encompass a broad spectrum of heterogeneous 
neurodevelopmental disorders, with a prevalence rate of 1:150 and a 4:1 male: female ratio, 
characterized by qualitative impairment in social-communication area and restricted repetitive and 
stereotyped  patterns of behaviour, interests and activities [1]. The causes of ASD are unknown. 
However, there is a growing neurobiological research indicating complex gene-environment 
interactions. Despite this evidence there is no approved biological treatment for this disorder and 
the first line treatments pertain to psychosocial domain [2]. International guidelines indicate that 
children with ASD should be enrolled into treatment programs as early as possible [3-5]: the need 
for early treatment programs becomes more urgent because substantial advances have been made in 
the early detection and diagnosis of ASD [6,7]. Early intervention for children with ASD aims to 
lessen distress, to protect intellective functioning, to increase quality of life, and to promote 
independence [8]. Despite the recognized importance of early intervention, it is not clear whether 
early interventions lead to better outcomes compared to intervention later in life [9]. The poor 
methodological quality of many studies makes results tentative with little to moderate evidence of 
intervention effectiveness [10]. To address these clinical and research issues we will critically 
review here the non-pharmacological treatment options for ASD children and will discuss the pros 
and cons of each strategy. With non-pharmacological treatments we refer to interventions using 
psychological approaches (behavioural, developmental and educational) without any biological 
support.  
We will first briefly summarize the available evidence advocating early interventions for pre-
schoolers (aged 24-71 months) with ASD. Then we will specifically discuss the outcome measures 
employed in each design and the potential methodological limitations underlying each approach. In 
a further step we will elucidate the need of parents-mediated treatment to improve the clinical 
effectiveness of non-pharmacological ASD options. Finally we will discuss the available 
randomized controlled trials [RCTs] of non-pharmacological treatments for ASD and the findings 
from large-scale meta-analyses in the field. 
 
Early intervention for autism: an ooverview  
Non-pharmacological ASD treatments can be placed within a continuum ranging from highly 
structured behavioral approaches guided by a therapist in a non naturalistic setting to approaches 
that follow the interests of the child in a naturalistic setting and that are based on a developmental 
curriculum in a relational based context. Given the increasing demand for specific interventions, a 
summary of strengths and weaknesses of psychological approaches (behavioural, developmental 
and educational) is of particular importance to provide adequate information to both parents and 
professionals. Table 1 provides an overview on different treatments that are considered in this 
paper.  
Lovaas [11] was the first researcher to use the principles of Applied Behavioral Analysis [ABA] to 
treat children with ASD and to document their outcomes. Critics to this approach have been the 
following: a] difficulties in generalization of learned behaviors; b] mechanical responses [as 
robots]; c] lack of spontaneity; d] excessive dependence from prompt; e] slow progress. These 
criticisms led to the development of Pivotal Response Training [PRT], a more naturalistic 
behavioral treatment, with good documented effectiveness [12, 13]. The principles of PRT are: 
choosing 'pivotal' skills as target of treatment; following the child's choice of activities and games; 
strengthening not only the correct answer, expected by the therapist, but also incomplete attempts to 
answer; alternating acquisition and mantainance; using intrinsic reinforcers.  
Among meta-analytic studies on behavioral intervention, Virtues Ortega [14] has studied the 
effectiveness of long term, comprehensive ABA treatments through a complex method including 
quality assessment, sensitivity analysis, meta-regression and dose-response. The author finds 
significant improvements in intellectual functioning; language development, acquisition of daily 
living skills, and social functioning in children with autism. Nevertheless an accurate previous 
meta-analysis [15] did not point out significant improvement (in cognitive level, in 
expressive/receptive language and in adaptive behaviour) compared to children in standard care 
programs.  
Another type of treatment based on the ABA principles is the Picture Exchange Communication 
System [PECS]. This system, developed by Bondy and Frost [16], aims to teach the request as a 
first communicative function: the exchange of photos is considered a 'communicative action’ to 
achieve a concrete outcome within a social context. PECS is based on the use of reinforcement and 
it aims to encourage child’s spontaneity and initiative in communication.  
In a meta-analysis on PECS, Filippin [17] has demonstrated that PECS method facilitates 
communication in children with ASD (ages 2-11 years) with small to moderate effect because the 
gains in speech were small to negative. The overall effectiveness of the PECS approach for 
communication outcomes is considered promising although not yet established.  
Among developmental treatments, the meta-anlysis of Ospina [18] places the Developmental 
Individual-differences and Relationship based [DIR] method [19,20], which is organized around 
three axes: 1] level of functional and emotional development reached by the child [Developmental]; 
2] individual differences in information processing and motor planning [Individual-Difference]; and 
3] type of interactions that the child establishes with his/her partners [Relationship-Based]. The 
Floor Time is one of the most important components of the DIR method and it consists of 
sequences of guided play [15-20 minutes] repeated several times throughout the day by parents and 
regularly supervised by an expert in the method. The DIR principles that should always be 
respected are: to follow the child’s lead and support his/her initiative; to focus on joint attention; to 
close circles of communication; to create semi-structured problem solving; to contrast repetitiveness 
through playful obstruction; to support visual attention; to work on imitation.  
Another developmental intervention is the Denver Model [21,22], that is focused on child’s 
initiative, motivation and participation. An extension of this intervention is the Early Start Denver 
Model [23], which has developed specific curriculum and objectives for children between 12 
months and 48 months of age.  
The Early Social Interaction [24] is a developmental intervention program developed for pre-
schoolers at risk of autism and their families; it is based on a naturalistic approach, centered on the 
family and on a curriculum developed around the child's unique profile.  
The SCERTS program [social communication [SC], emotional regulation [ER] and transactional 
support [TS]] [25] is the result of over twenty years of empirical and clinical research, and it works 
primarily in the area of the language deficit. The purpose of the SCERTS is to increase child’s 
communication and social-emotional functioning, and to support family interactions. Among other 
treatments there are Therapie d’Echange et Developpment [TED] designed in France by LeLord 
[26] and sensory motors therapy [27-30]. The TED is based on the observation of brain electrical 
behavior that reveals forms of acquisition that are more subtle than conditioning or learning. The 
TED model substains the hypothesis that children with autism have peculiar difficulties in filtrating, 
focusing, and maintaining mental processes. These observations inspire general principles shared by 
the therapist and the child: calmness, receptiveness, and sociability [31].  
Sensory motor deficits are frequently reported as challenging in children with ASD [32, 33] and 
among the allied health interventions; sensory motor treatments are based on the premise that the 
brain’s response to basic sensory input must be normalized before higher-order processes can be 
addressed [29]. This treatments are child-directed and guided by a trained physical or occupational 
therapist. It is hypothesized that if a child becomes more able to process, modulate, and integrate 
sensory information, he will be more able to acquire higher-order skills [27]. However, although 
these intervention models [TED and sensory-motor] have a long clinical tradition there are no 
studies focused on their efficacy pubblished on international journals.  
Among educational treatments, the TEACCH program [Treatment and Education of Autistic and 
Communication Handicaped Children] [34] offers a structured teaching based on the assessment of 
strengths and weaknesses of each child. It includes a focus on the person and the development of a 
program around person’s skills, interests and need. The work program is tailored on some seminal 
aspects: to center on the individual, to understand autism, to adopt appropriate adaptations and a 
broadly based intervention strategy building on exisisting skills and interests. The TEACCH 
methodology is rooted in a therapy combining cognitive elements [35] guided by theories 
suggesting that behavior typical of people with autism result from underlying problems in 
perception and understanding. The strategies put forward by TEACCH do not work on the behavior 
directly, but on its underlying reasons, such as lack of understanding of what the person is expected 
to do or what will happen to them next [36]. Working from the premise that people with autism are 
predominantly visual learners, TEACCH intervention strategies are based around physical and 
visual structure, schedules, work systems and task organisation. Individualized systems aim to 
address difficulties with communication, organisation, concepts, sensory processing, change and 
relating to others [37].   
 
Evaluation of treatment outcomes: issues on scientific validity 
For what concern the evaluation of outcomes, the most cited and analyzed study is the Lovaas study 
[11] which describes the effectiveness of an intensive behavioral treatment [40 hours per week] 
applied to 19 children with autism under the age of 4 years compared to a control group of 19 
children who performed a similar but less intensive treatment. The results of the follow-up study 
after 6 years have indicated a better outcome for the subjects in the experimental group, which in 
47% of cases have reached a normal functioning [38]. The scientific validity of this study has been 
questioned because of important methodological issues and lack of replicability of the results [39]. 
Among commentaries against Lovaas work, the most authoritative was the one by Schopler [40]. 
He pointed out its different methodological weakness: a] the absence of usual outcome measures 
before and after treatment; b] imprecise criteria for selection and evaluation of child’s intellectual 
level; c] lack of precision in the allocation of subjects to control group. Despite these weaknesses, 
the Lovaas study had some merits: 1] the scientific community started to talk about autism as a 
treatable disorder 2] it has shown that early treatment can change the path of autism and improve 
outcomes; 3] it has stressed the importance of parental involvement in treatment, 4] it has raised the 
question of how intensive should a treatment be. Recently, different reviews [41-43] have 
emphasized that about 60% of children treated with behavioral models shows no significant 
improvement, and have suggested that behavioral treatment is highly effective for some but not all 
children with ASD. As far as developmental-based approaches are regarded, outcome studies are 
certainly less numerous and often they do not meet the criteria of sufficient methodological quality. 
For example Solomon study [44] has evaluated the outcome of 68 children in the PLAY Project 
Home Consultation [PPHC] in 1:1 interaction using DIR/Floortime model. Also in this study about 
50% of children made good to very good functional developmental progress, and overall 
satisfaction of 90 percent. The Salt work [45] has involved 12 children with autism engaged in a 10 
months developmental based treatment for 8 hours per week in addition to other treatments of about 
15 hours. The intervention was focused on core aspects of autism: imitation, shared attention, 
language, and social reciprocity with parents attending eight 2-hours meetings of parent training. 
Outcome showed higher scores in almost all scales of the Vineland in the experimental group 
compared to a control group of 5 children who received other treatments for 20 hours a 2 week.  
 
Parent-mediated treatments 
There is a trend that underlies the importance of including parents in child treatment. Strauss [46] 
has examined the impact of parent inclusion in treatment through a measure of how faithfully the 
parents follow at home the treatment protocols and the intensity of treatment. Twenty-four children 
receiving parent-mediated EIBI, were compared to a group of 20 children receiving eclectic 
intervention. The intervention group outperformed the eclectic group in measures of autism severity 
and of developmental and language skills. Moreover, parent-mediated treatment led to reduced 
challenging behaviors in the children. The study has also highlighted an association between 
parental stress and staff treatment fidelity that interferes with decision making in treatment planning 
and consequently with positive behavior outcome; such results provide important information on 
parental factors that affect a child’s response to treatment. Kovshoff [47] has conducted a 2-year 
follow-up outcome study for 41 children with autism and significant differences emerged when a 
parent-mediated intervention was considered; this result strongly suggests a need for better 
characterization of those children who would benefit from a more active parent-mediated programs. 
Oosterling [7] has conducted a randomized controlled trial to compare results obtained after 12 
months of nonintensive parent training plus care-as-usual and care-as-usual alone. The parent 
training focused on stimulating joint attention and language skills and was based on the intervention 
already described by Drew [48]. Oosterling concludes her work suggesting that the ‘parent training’ 
was not of additional value to the more general care-as-usual because of no significant intervention 
effects were found for any of the primary [language], secondary [global clinical improvement], or 
mediating [child engagement, early precursors of social communication, or parental skills] outcome 
variables. Solomon study [49] evaluates Parent-Child Interaction Therapy, in which parents of ASD 
children were trained to interact with their children using behavior management strategies. The 
Parent-Child Interaction Therapy intervention group showed greater improvements, compared to 
control group, in behavioral flexibility and a reduction in atypical behaviors and hyperactivity, 
inattention and challenging behaviors.  
A RCT has evaluated the Stepping Stones Triple P Parenting Program [50,51] which teaches 
parents how to manage children’s behavior by considering the function of the behavior, using 
procedures such as descriptive praise, planned ignoring, skill acquisition, and communication. 
Parents of the children in the treatment group reported statistically significant improvements and 
wait-list controls eventually received the same treatment also reported statistically significant 
decrease in child challenging behaviors. Similar findings were obtained in Moes and Frea [52] 
study; it showed that training on functional communication within the family routines makes 
behavior problems of children decreasing while increasing their communication skills. Other, 
different RCT have studied interventions involving parents, such as: Responsive teaching [19], 
Play-based approaches based on the Floortime model [44], Mifne model [53] and Relationship 
Development Intervention [54]. 
 
RCT of the effectiveness of treatments  
Randomized controlled trials [RCTs] studies are important because they are able to provide a major 
contribution to clinical practice [55]. Through the use of randomized controlled trials it is possible 
to show that some treatments may be more effective than others. However, it is difficult to carry out 
a randomized clinical trial in autism for several issues. First, the parents are very informed about the 
various treatments that they think to be most useful for their children and therefore many parents 
operate their own choices without listening the suggestions of the clinicians [56]. Second, many 
studies on autism interventions are made with very little funding compared to those necessary to 
conduct an RCT. Third, a control group "without treatment" poses ethical problems; because there 
is strong evidence that providing a treatment is better than to provide nothing [57, 58, 48, 82, 60, 
23]. Thus, RCT have to consider comparison groups compared of children undergoing some type of 
treatment. Jocelyn [57] has conducted a study on 35 children with autism aged between 24 and 72 
months, using a randomized assignment of subject to two groups. In the experimental group, 
parents and educators underwent specific training for 15 hours over three months where goal was 
the understanding of the behavior of their children and the facilitation of communication, play and 
social interaction [in Jocelyn work [57], the development of social communication took precedence 
on the management of behavior problems]. The control group received the same type of 
intervention but parents and educators received a non-specific training for autism. After 12 weeks 
children in the experimental group showed significantly higher scores in language development. 
Although the level of intensity of this intervention was much lower than in other studies, this RCT 
was able to show significant effects in a short time for a low cost intervention.  
Drew [48] has conducted an RCT on the adjunctive effects of a home treatment program for parents 
of 24 children who received standard treatment including speech therapy and occupational therapy. 
The parents were prepared in two main areas: social communication [through the development of 
routines of shared attention, imitation, turn taking, use of visual aids for communication] and 
management of aberrant behavior involving the use of behavioral techniques [i.e. prompting]. The 
training was provided at home by a speech-therapist whose main aims were to evaluate the child's 
progress and to suggest to parents new targets for the next six weeks. After 12 months this 
experimental group improved significantly in comprehension and expressive language.  
In the Aldred study [59] 28 preschoolers were randomly assigned to two groups receiving speech 
therapy, TEACCH treatment and social skills training. In the experimental group parents received 
also a manualized guide for the implementation of five skills: 1] dyadic activities; 2] child 
sensitivity and responsiveness to signals; 3] communicative behaviors; 4] communicative 
interactions; and 5] development of the child’s skills repertoire. This group showed significant 
improvements compared with the control group regarding severity of autism, expressive 
vocabulary, communication, and parental responsiveness during parent-child interactions.  
Sallows and Graupner [60] examined the outcomes of 23 children with autism [mean age: 35 
months] randomly assigned to a more or less intensive individualized Lovaas plus PRT treatment. 
Parents of both groups were invited to participate in weekly meetings with a team specialist and 
they were encouraged to practice the techniques of treatment with their children at home. The 
supervision at home was higher in the experimental group [6-10 hours per week vs. 6 hours per 
month]. All children were evaluated periodically until the age of 7/8 years: the results [related to 
IQ, level of language, adaptive behavior, social-emotional functioning and school functioning] 
showed an overall improvement but no significant differences between the two groups.  
Rickards [61] has conducted RCT to determine whether an extra home-based programme provided 
over 12 months resulted in sustained improvement in development and behaviour. Compared with 
the control group, improvement in cognitive development was higher in children who received the 
extra home–based intervention and it was sustained 1 year later; in contrast to the control group 
who deteriorated, language skills in the intervention group remained stable. Moreover, 
improvements were significantly associated with higher stress in the families suggesting the 
importance of involving families in early childhood intervention programmes.  
In 2010 Wong [62] has studied a 2-week ‘Autism-1-2-3’ early intervention for 70 children with 
autism and their parents immediately after diagnosis. Treatment focus were: [1] eye contact, [2] 
gesture and [3] vocalization/words. Results show that parents, randomized to treatment, besides a 
reduction of their own stress level perceived significant improvement in their children’s language 
and social interaction. This contribute is important because it shows the importance of a short-term 
parent training on both child development and parents wellbeing during the long waiting time for 
public health services.  
Yoder [63] has conducted a RCT comparing two social-communication interventions in young 
children with autism: the Picture Exchange Communication System [PECS] and the Responsive 
Education and Prelinguistic Milieu Teaching [RPMT]. Post-treatment measurement favored the 
PECS intervention: this finding was interpreted as support for the hypothesis that a coordinated 
attention to object and person can be obtained without requiring direct eye contact to children. 
Pajareya and Nopmaneejumrusler [64] have conducted the first RCT study designed to test the 
efficacy of an adjunctive home-based Developmental, Individual-Difference, Relationship-Based 
[DIR]/Floortime intervention: the intervention group made significantly greater gains on the 
Functional Emotional Assessment Scale [FEAS], on CARS and on Functional Emotional 
Questionnaires.  
Other RCT have been focused on the potential for specific interventions based on joint attention or 
symbolic play [65, 66]. Kasari [65] has shown how a specific intervention on Joint Attention and 
Symbolic Play can ameliorate the child; showing toys to an adult, shared looks between toy and 
parent, and symbolic play skills with maintenance of these skills 1 year post-intervention. Landa 
[66] studied toddlers randomized to an adjunctive Interpersonal Synchrony treatment targeting 
socially engaged imitation, joint attention, and affect sharing. Findings showed that significant 
treatment effects were found for socially engaged imitation in the Interpersonal Synchrony group 
after the intervention. This skill was generalized to unfamiliar contexts and maintained through 
follow-up.  
 
Outcome ratings 
There is considerable variety in methods for assessing treatment outcomes in autism and many 
studies have no outcome data during treatment. Studies tend to provide data as a follow-up after 
completion of the intervention and the average time between the baseline and assessment outcome 
is 39.2 months [42]. Differences in outcome measures do not allow a comparison between different 
studies: the measures vary from study to study, often from child to child and from baseline 
assessment to the follow-up evaluation. This wide variation in outcome measures does not allow to 
generalize the findings [67]. Charman [68] has pointed out that among tools to assess outcome, 
Vineland and Social Communication Questionnaire are the most recommended. Another 
raccomandation is relative to the choice of standard scores vs raw scores, in fact although the raw 
scores are difficult to be interpreted for the evaluation of clinical significance of changes, raw 
scores are recommended when the child does not reach the baseline level to calculate the standard 
score [68].  
Lovaas [11] has considered an increase of IQ as the most important outcome measure. 
Nevertheless, there is a shared consensus that the change in IQ cannot be considered the main 
outcome measure: in fact, a child may show a gradual increase of intellectual level without 
improving his/her ability in social functioning. A possible explanation for the focus on IQ as the 
primary outcome measure, especially in the literature on behavioral treatments, is that this type of 
intervention is directly related to the teaching of cognitive skills rather than to communicative 
behaviors and social skills. Studies reporting IQ increase describe this increase only in the first part 
of treatment and not lomg term. For example, in the original Lovaas study [11] the average IQ 
increased between the initial assessment and the follow-up evaluation was 30 points, while in the 
following FU the average IQ increase was only 1,5 points. Eikeseth [69] found that in the first year 
of treatment the IQ increase was around 17 points, but the subsequent increase was only 8 points. 
Cohen [70] and Remington [71] report a similar trend of the IQ increase in time. Although the 
increases in IQ is not negligible, its small long term size suggests that the main impact of the 
intervention occurs during the first year of treatment. In some studies researchers have used the 
ADOS-G to monitor changes in autism severity over time [59, 23, 72]. In Aldred RCT study [59] 
the active treatment group showed significant improvement compared with controls on the primary 
outcome measure Autism Diagnostic Observation Schedule [ADOS] total score, particularly in 
reciprocal social interaction. Suggestive but non-significant results were found also in ADOS 
stereotyped and restricted behaviour domain. In Dawson study [23] on Early Start Denver Model, 
diagnostic shifts within the autism spectrum were reported in 30% of children but they were not 
associated with clinically significant improvements on ADOS severity scores. Green [72] pointed 
out that at follow-up, most children were still classified as having an ADOS-G diagnosis of core 
autism. In particular, the group assigned to Preschool Autism Communication Trial [PACT], 30% 
had changed to autism spectrum disorder and 5% to non-spectrum; moreover in the control group 
assigned to treatment as usual, 24% changed to autism spectrum disorder and 7% to non-spectrum. 
Green underlines that after 13 months of treatment, ADOS scores improved in both groups, with a 
small estimated group difference in favour of the PACT intervention. However, effect of the 
intervention on ADOS scores in relation to diagnostic thresholds was small. 
In studies on interventions centred on nuclear aspects of autism such as communication, the 
outcome variables are more directly related to social and communicative skills [59, 48, 73-75]. For 
example, Greenspan and Wieder [74] have used scores on socio-emotional development as a 
measure for treatment. This retrospective study involved 200 children with autism between 22 
months and 4 years followed for a period of 2 years with the DIR/Floor Time model and 58% of the 
cases had a favourable outcome on socio-affective scores.  
Finally, few studies have evaluated the outcomes in terms of the impact of autism on family quality 
of life. Parental coping skills, family relations and parental stress have not been systematically 
studied even if the inclusion of this outcome variables represent a necessary step in the assessment 
of effectiveness and efficacy of treatments. 
Methodological quality of outcome studies  
Outcome studies can be classified on the basis of scientific merit [76, 5] which is assessed on the 
presence of: [1] accurate diagnosis, [2] research design, [3] type of variables, [4] fidelity to 
treatment. Based on these criteria, the studies are classified in four levels ranging from Level 1, 
which represents the highest score, to Level 4. In Level 1, the diagnosis is performed by an 
independent clinician according to the international standards [ICD-10 or DSM-IV] and confirmed 
by gold standard instruments such as ADOS-G and ADI-R; the research design provides a 
randomized assignment with two or more treatment groups; outcome measures are comprehensive 
of the evaluation of intellectual and adaptive functioning; standardized instruments are administered 
by examiners external to treatment; the treatment is manualized. Beside the scientific merit, the 
impact of the results can be described also in four levels [76]. To get a Level 1, significant 
differences between the groups on both IQ and adaptive functioning must be reported. Level 2 
requires to get significant differences on IQ or adaptive functioning. Level 3 accepts the evaluation 
of significant differences based on non standardized measures. Level 4 refers to those studies that 
show significant general improvements. There are only a few Level 1 studies in the field of autism 
treatments (see Table 1). 
First, the work of Smith [58] is a randomized study in which pre-schoolers were assigned to an 
intensive ABA treatment [25 hours per week] or to a group of parent training. At follow-up, the 
receiving intensive ABA treatment obtained higher scores on IQ, visual-spatial abilities, language, 
socio-emotional functioning and school performance. However, the lack of significant differences 
on adaptive functioning led to a classification of Level 2.  
Second, Dawson's study [23] evaluated the efficacy of the Early Start Denver Model [ESDM] on 48 
children [aged between 18 and 30 months] randomly assigned to ESDM group or to the usual 
treatment available in the territory. The ESDM treatment consists of 15 hours with a therapist and 
16 hours of parent training who used ESDM strategies and 5 hours of other therapies [i.e. speech 
therapy] for two years. The control group performed an individual treatment of 9 hours and a 9 
hours group therapy for the same period. Children who had received ESDM treatment showed 
higher scores in cognitive and adaptive functioning. Dawson's work is the first study that 
demonstrates the effectiveness of an integrated treatment model based on developmental and 
behavioral theory principles according to high methodological quality criteria.  
Third, in Green [72] study the preschoolers with core autism were randomly assigned to a parent-
mediated communication-focused [Preschool Autism Communication Trial-PACT] intervention or 
treatment as usual. Those assigned to PACT were also given treatment as usual. Primary outcome 
was severity of autism symptoms 13 months after. Complementary secondary outcomes were 
measures of parent-child interaction, child language, and adaptive functioning at school. Treatment 
effect was positive for parental synchronous response to child, child initiations with parent and for 
parent-child shared attention. Effects on directly assessed language, adaptive functioning at school 
and on ADOS-G were small.  
A recent review of the literature [76] has identified four Level 2 studies without randomization [46-
49]. All four contributions refer to the ABA model. Some of these studies reach Level 1 on impact 
because they have shown that the ABA group obtained significantly higher scores in IQ, language 
and adaptive behavior. In Remington study [71], children in the ABA group obtained overall scores 
higher than children in the control group except IQ, adaptive functioning and language, so that the 
study has received a Level 2 regard the impact of the results.  
Eleven studies have achieved a Level 3 merit. Two have used the TEACCH method [77,78] and 
both have achieved a level 3 also on the impact of the results. Ozonoff study [78] does not specify 
the diagnostic system used, does not define whether the diagnosis was made by independent 
clinicians regarding the treatment, the use of diagnostic tools was not reported, group assignment 
was not randomized and the evaluation did not include adaptive functioning. Notwithstanding these 
methodological limitations, the Ozonoff study [78] indicated that children in the TEACCH 
improved significantly compared to the control group in the sub-tests of imitation, up-motor, gross 
motor skills and concepts.  
Other Level 3 have evaluated ABA treatments. The Lovaas [11], McEachin [38], Andersen [79], 
Birnbrauer [80], and Sheinkopf [81] studies did not include measures of adaptive functioning. 
Sheinkopf [81] and Eldevik [82] used the archive methodology as experimental design. Sallows and 
Graupner [60] have showed significant improvement in the level of language, in cognitive abilities 
and in adaptive functioning but no standardized instruments as Vineland were used. In Magiati [83] 
the cognitive level was evaluated exclusively for visual-spatial aspects, the groups were not 
homogeneous for baseline cognitive level, for adaptive functioning, for level of parental education, 
and the treatment was not supervised. Several studies have obtained an insufficient scientific value 
because they did not use control groups: six programs evaluated ABA treatment [84-89], one study 
evaluated the TEACCH [90] and two studies evaluated the Denver Model [91, 92].  
In 2010 Coolican [93] showed that brief parent training in pivotal response treatment [PRT] can 
enhance communication skills of preschoolers with autism who were waiting for, or unable to 
access, more comprehensive treatments; moreover parents’ fidelity in implementing PRT 
techniques improved after training, and was maintained at follow-up. Wallace and Rogers [94] 
point out that for ASD infants and toddlers under age 3 years there is a scarcity of empirically 
validated treatments and of empirical investigation into successful intervention characteristics for 
this population. In their work the authors had reviewed 32 controlled, high-quality experimental 
studies that revealed that the most efficacious interventions routinely used a combination of four 
specific intervention procedures including [1] parent involvement, including ongoing parent 
coaching focused both on parental responsivity and sensitivity to child cues, and on teaching 
families how to provide intervention [2] individualization to each infant’s developmental profile, 
[3] a broad rather than a narrow range of learning targets; [4] beginning as early as the risk is 
detected; [5] intensivity and duration of the intervention. These five characteristics of interventions 
likely represent a solid foundation from which researchers and clinicians can build efficacious 
interventions in early ASD.  
 
Predictors of outcome 
The individual variability in response to treatment has led some researchers to consider pre-
treatment variables to identify children who will have better outcomes. Usually the initial IQ value 
is considered a good outcome indicator [95, 96], although some studies have not shown any 
correlation between initial IQ and outcomes [60]. In many longitudinal studies the initial IQ seem to 
be able to predict the level of autonomy and acquisitions after treatment [97, 98]. The good social-
cognitive functioning has been identified as a predictor of language development in autism [52]. 
Among the factors that may predict a better outcome, there is also the age in which children begin 
treatment. Handleman and Harris [85] found that children who begin intervention earlier than 4 
years of age have better results in terms of academic achievement and IQ scores than those who 
begin treatment after 4 years. Smith [58] reported that children with less severe autism tend to have 
best progress during treatment, but Remington [71] has not confirmed this result. Remington study 
shows that children with higher baseline behavior problems and autistic symptoms are those that 
show most important changes during treatment. Ingersoll, Schreibman, and Stahmer [98], have 
studied the role of social availability toward peers as a mediator of the effects of treatment. Six 
ASD children aged between 2 and 3 years and low social avoidance of peers were compared, with 
three ASD children with high social avoidance of peers: children with low social avoidance 
progressed more than those with high social avoidance on language development, cognitive 
development and autism severity.  
Another variable that was examined in some studies is the amount of treatment. Sheinkopf and 
Siegel [81] have found comparable scores at post-test in children who had received few hours or 
many hours of Lovaas treatment model. In a similar study Luiselli [89] examined the number of 
hours per week, number of months of treatment and the total hours of treatment in a study that 
involved children aged 2-3 years who received Lovaas therapy. In this study only the number of 
months of treatment [rather than total hours] was significantly related to the language, cognitive and 
social-emotional functioning improvement. Studies on the amount of treatment seem to consider 
that the child learns only by the amount of therapy, however, children with autism have many 
additional opportunities for learning. For example many studies of outcome evaluation should 
considered all the learning opportunities available outside the formal treatment. For example, the 
influence of family characteristics has been considered as a "moderator" of treatment results and it 
has been studied in recent years [see Parent-mediated treatment paragraph].  
 
Conclusions 
The literature devoted to the description and evaluation of interventions in autism has become quite 
large in last years. The various issues addressed in this review may allow to formulate some 
conclusions for the research in this field. First, there is increasing convergence between behavioral 
and developmental methods. For both types of treatment the focus of early intervention is directed 
toward the development of skills considered "pivotal" as shared attention, imitation, 
communication, symbolic play, cognitive abilities, attention, and regulation. Second, the literature 
shows some guidelines for treatments such as: 1] starting as early as possible; 2] minimizing the 
gap between diagnosis and treatment; 3] provide not less than 3/4 hours of treatment each day; 4] 
being centered on family involvement; 5] providing six-monthly development evaluations and 
updating the goals of treatment; 6] choosing among behavioural/developmental treatment 
depending on the child's response; 7] encouraging spontaneous communication; 8] promoting the 
skills through play with peers; 9] being finalized to the acquisition of new skills and to their 
generalization and maintenance in natural contexts; 10] supporting positive behaviors rather than 
tackling  challenging behaviors. Regarding the evaluation of the treatment effectiveness the studies 
must comply with certain features such as the presence of a comparable control group, the presence 
of precise diagnostic criteria, periodic evaluations during treatment and evaluation of different 
developmental aspects [severity of autism, cognitive and language development, global functioning, 
and quality of family life, parent-child interaction].  
A particular topic is related to the word ‘recover’. The efficacy of treatment in very young children 
should be carefully considered in light of the conflicting results of studies on diagnostic stability. In 
a recent study [99] only 68% of children who received a diagnosis of autism between 2 and 3 years, 
and only 40% of children diagnosed with Pervasive Developmental Disorder-Not Otherwise 
Specified [PDD-NOS], received the same diagnosis at 4 years of age. Similar conclusions were 
reported in the study of Sutera [100]. The diagnosis is less stable when placed in children under the 
age of 30 months, when the symptoms are milder and there is a higher cognitive level. Probably due 
to a more widespread knowledge about autism, people who comes at consultation are less 
compromised than those who arrived in the past and they can be considered as children who can be 
naturally destined for a partial recovery. This finding led to try to better define the concept of 
‘recover’. Helt [101] has proposed that a recovered child must show the following characteristics: to 
show similar behaviors to typical peers not only in quantitative but also in qualitative terms; to exit 
from the diagnostic criteria for a Pervasive Developmental Disorder NOS; to have verbal IQ, 
nonverbal IQ and Vineland scores over 78. As evidenced by studies reported in this paper, the 
achievement of these goals is not the prerogative of a treatment model over another: ABA vs. DIR 
[102]; ABA vs. TEACCH [103]. Rather they seem to be the result of a convergence of factors 
including: a systematic approach to the ongoing evaluation of treatment and a continuous 
redefinition of the objectives to be achieved. Finally, the presence of a specialized teams in the 
management and treatment of autism and of an active collaboration of the family to treatment 
planning should be considered the two pillars of any treatment program. 
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Abstract 
Background: In the last few years, the results of different studies have confirmed, in different ways, 
the importance of early intervention for autism. This study aims to evaluate the role of early "as 
usual" interventions in the outcome of toddlers diagnosed with autism spectrum disorder (ASD).  
Method: Seventy children with ASD aged between 24 and 48 months were recruited at different 
centers in Italy. They were evaluated by blind researchers at baseline and after 6 months of using 
Autism Diagnostic Observation Schedule-Generic (ADOS-G), Griffiths Mental Developmental 
Scales, and Vineland Adaptive Behavior scales. Parents filled out the MacArthur Inventory, Social 
Communication Questionnaire, and Child Behavior Check List. All children were referred to 
community providers for available interventions.  
Results: At the endpoint, most of the children were still classified as having an ADOS-G 
classification of ASD. However, 21 (34.2%) passed from autism to autism spectrum, and 3 (4.2%) 
passed from autism spectrum to no spectrum. Treatment effects were obtained for cognitive 
functioning, language, adaptive behavior, and child behavior without differences between 
development-oriented and behavior-oriented interventions. Parent involvement was a mediator for 
the best clinical outcome. Baseline low impairments of communication, language comprehension, 
and gesture were predictors of positive outcome.  
Conclusion: Treatment as usual, composed of individual therapy plus school-supported inclusion, 
may be an effective intervention in ASD. Better initial levels of communication in child and parent 
involvement during treatment have an important role for a positive outcome.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction 
Early identification of autism spectrum disorders (ASD) has brought on the need for interventions 
that are significantly effective in reducing the effect of autism on child development. During the last 
3 decades, the need for a treatment model that could be able to change the early natural history of 
the disorder has been addressed in a large number of studies, and plenty of literature exists.1–5   
Historically, the first novel intervention developed was that of Lovaas,6 which in a 6 year follow-up 
showed better outcomes for children younger than 4 years with autism who were engaged in an 
intensive treatment compared with children in a less-intensive treatment or without any treatment. 
As reported by Rogers and Vismara,7 Lovaas' study has suggested a new vision of autism as a 
treatable disorder; however, its scientific validity has been repeatedly questioned by several authors. 
Among these, Schopler8 pointed out some critical points, such as the absence of outcome measures 
related to behavioral, social, and communicative skills; the imprecise criteria of intellectual levels 
for the selection of children; and the lack of precision in the allocation of subjects to the control 
group. To overcome these and other critical points, some criteria for assessing the methodological 
quality of studies on the effects of early treatments were defined.9–5 They include clinical 
diagnosis performed by independent evaluators according to international standards and supported 
by specific diagnostic tools such as the Autism Diagnostic Observation Schedule (ADOS)10 and 
Autism Diagnostic Interview™, Revised;11 random assignment; outcome measures extended to 
both core aspects of autism and intellectual and adaptive functioning and conducted by independent 
examiners; and manualized treatment and measures for fidelity. 
Different papers have taken into account these criteria, examining the effect of various interventions 
that can be located in the behavioral/developmental continuum.12 A wide systematic review13 of 
these studies suggested that four characteristics of early interventions in ASD could represent a 
solid foundation for efficacious interventions: parent involvement to support parental sensitivity to 
child cues; individualization to each infant's developmental profile; focus on a broad, rather than a 
narrow, range of learning targets; and temporal characteristics including beginning as early as the 
risk is detected, sufficient intensity, and an appropriately long duration. Some of these principles are 
addressed by nonmanualized treatments for children with ASD. 
For example, in Italy, many young children are admitted to normal school with a personalized 
curriculum performed by a support teacher, they have psychomotor or speech therapy based on 
developmental profile, and some type of parent training is applied. Because young children with 
ASD have some type of interventions by local services, it has become important for new treatments 
to demonstrate what they really add to the effects of these interventions. In fact, more recent studies 
have compared new treatments versus the treatment as usual (TAU) that is available from local 
services. Green et al2 randomly assigned 152 children younger than 4 years with autistic disorder to 
the TAU plus PACT (Preschool Autism Communication Trial) intervention or to only TAU; at 1-
year follow-up, in the PACT group, 30% of children changed ADOS classification to autism 
spectrum, and 4 children (5%) changed to no spectrum; however, even 24% of TAU children 
passed to autism spectrum classification, and 5 children (7%) went out of the spectrum. Strauss et 
al,3 comparing children with ASD who underwent an early intensive behavioral intervention (EIBI) 
treatment with children who received TAU in Italy, described  better effects of EIBI and moderate 
effects of TAU in measures of autism severity and developmental and language skills. Oosterling et 
al,14 using a randomized control trial (RCT), evaluated the additional effects of nonintensive parent 
training focused on joint attention and language skills to TAU; no significant intervention effects 
were found. Carter15 compared Hanen's "More than Words" (HMTW), a parent-implemented 
intervention, with TAU; this RCT did not show the main effects of the HMTW intervention, but it 
pointed out treatment effects on child communication gains that were moderated by an initial lower 
object interest in the children. Papareja16 designed a pilot study to test the efficacy of adding home-
based developmental, individual-difference, relationship-based intervention to TAU. It was found 
that after the added home intervention at an average of 15 hours/week for 3 months, the intervention 
group made significantly greater gains on both functioning and autism level. Landa et al17 
evaluated the effect of supplementing a comprehensive intervention with a specific curriculum 
targeting socially synchronous behaviors such as engaged imitation, joint attention, and affect 
sharing; a significant treatment effect was found for these behaviors, which were generalized to 
unfamiliar contexts and maintained through follow-up. Dawson1 compared the intensive ESDM 
treatment with a less-intensive TAU, and at a 2-year follow-up, the ESDM group showed, 
compared with TAU, top scores in cognitive evaluation, verbal skills, and severity of autism. In 
particular, in the ESDM group, 7 (29.2%) children passed from autistic disorder to spectrum 
compared with only one child in TAU.   
Most of these recent articles on the efficacy of specific early interventions compared with or added 
to TAU have used an RCT scenario that is regarded as the "gold standard" of outcome research for 
empirically supported treatments. Nevertheless, implications of RCT have been much 
discussed.18,19 A central aspect of this discussion refers to the controversy between RCTs and 
naturalistic studies. Leichsenring20 has proposed that RCT and naturalistic studies refer to different 
domains of intended applications (laboratory versus field). This view has several important 
implications: naturalistic studies do not necessarily provide lower-level evidence than RCT, 
evidence from RCTs can have difficulties to be transferred to practice in the field, and naturalistic 
studies are required to demonstrate that a type of intervention works in the field.  
Thus, although the arrival of RCTs represents a substantial improvement for research on autism 
treatment, more recently the exclusive position of RCT as the method for demonstrating that a 
therapy works has been challenged, mainly because it is questionable whether the results of RCT 
are representative for clinical practice.18,19 Contrary to RCT, naturalistic studies are carried out 
under the conditions of clinical practice,21 but, paradoxically, they are not accepted as a method for 
demonstrating that a therapy works.22 The main argument against naturalistic studies concerns 
threats to the internal validity; that is, to the reduced possibility of controlling factors influencing 
outcome apart from treatment. However naturalistic studies can support the external validity of the 
research; that is, whether results obtained from a small sample group can be extended to make 
predictions in a large sample. 
Fernell4 conducted a naturalistic study on 208 ASD children, aged 20–54 months, and divided them 
into three cognitive subgroups: one with learning disability, one with developmental delay, and one 
with normal intellectual functioning. Data on type and intensity of intervention were gathered 
prospectively in a systematic fashion. Intervention was classified into intensive Applied Behavior 
Analysis (ABA) and nonintensive targeted interventions based on ABA principles. Vineland 
composite scores, as the primary outcome variable, increased during the 2-year period, and this 
increase was accounted for with the subgroup with normal cognitive functioning. However, there 
was no significant difference between the intensive and nonintensive groups. Individual variation 
was considerable, but no child in the study was "problem-free" at follow-up. Fernell4 concluded 
that ASD children do not benefit more from intensive ABA.  
RCTs and naturalistic studies serve different complementary purposes and give answers to different 
questions of research. RCTs are required if a newly developed method of intervention is to be tested  
regarding its specific therapeutic effects; this is especially true if alternative treatments are already 
available. In contrast, the effectiveness of a treatment in the field could be better tested through a 
naturalistic study of high methodological quality. In any case, 40 years after the Lovaas era, when 
children with ASD were diagnosed later and were frequently institutionalized, both types of studies 
had to consider the effects of TAU on the children's outcome and the specific effects added by the 
new proposed treatments to a natural "treated" history of ASD. The role of TAU for early 
intervention in Europe is an ongoing topic explored by the Enhancing the Scientific Study of Early 
Autism-COST Action. 
Here we propose a naturalistic approach to early treatment to describe, for the first time in Italy, the 
role of TAU. To this aim, we used primary and secondary outcome measures in a multicenter, 6 
month, longitudinal study.  
 
Materials and methods 
Participants 
The study was performed at a total of 13 centers located in five Italian regions (Lombardia, 
Toscana, Emilia Romagna, Puglia, and Campania). Children's inclusion criteria were age between 
24 months and 48 months; meeting criteria for autistic disorder or pervasive developmental disorder 
not otherwise specified according to the Diagnostic and Statistical Manual of Mental Disorders, 4th 
Edition, Text Revision, criteria; autism classification confirmed by the ADOS-G (administered 
from clinicians trained in the use of ADOS in a research setting); nonverbal development quotient 
of 50 or higher on the Griffiths Scales;23 it being the patient's first ASD diagnosis; and the patient 
being able to begin some type of intervention within 2 weeks of diagnosis. The whole sample 
consisted of 70 children (57 boys and  13 girls) with a mean age of 35.2 months (standard deviation, 
8.82 months; age range, 24–48 months). Forty-nine children underwent a Diagnostic and Statistical 
Manual of Mental Disorders, 4th Edition, Text Revision, diagnosis of autism, and 21 received a 
diagnosis of pervasive developmental disorder not otherwise specified. Fifty-eight children received 
an ADOS classification of autism, and 12 received an autism spectrum diagnosis. The mean 
nonverbal development quotient was 75.8 (range, 50–125), and the mean general quotient was 62.3 
(range, 34–89).  
 
Measurements 
We used a multi-informant perspective on data collection by using professional observation or 
interview (ADOS-G and Griffiths Scales and Vineland Adaptive Behavior Scales II24) and parent 
reports (MacArthur Communicative Development Inventories,25 Child Behavior Checklist 1½-5,26 
and Social Communication Questionnaire27).  
The ADOS10 is an observation measure of current autism symptom severity; on the basis of 
language level, module one was used for all children. Only children with a classification of core 
autism or ASD on the ADOS algorithm were included in the final sample. We have used also the 
Calibrated Severity Scores (CSS),28 a standardized metric developed to assess core autism 
symptoms as a clinical entity distinct from cognitive and adaptive differences. This metric provides 
a means to assess symptoms of autism over time in a range between 1 and 10, where 1–3 account 
for no spectrum, 4–5 for ASD, and 6–10 for autism. In the original validation study, these scores 
were shown to be less influenced by verbal IQ, which accounted for 43% of variance in raw ADOS 
scores and only 10% in CSS scores.   
The Griffiths Mental Developmental Scales are a standardized developmental test for children from 
birth to 96 months of age. They comprise six scales, but because of the young age of the children, 
only five of the six subscales were administered: Locomotor, Personal-Social, Language, Eye and 
Hand Coordination, and Performance. Raw scores have been computed for each subscale and 
converted to general quotient scores, using tables of the analysis manual.  
The Vineland Adaptive Behavior Scales, Second Edition (VABS-II), was administered as a parent 
interview and was used to assess the ability of children to perform the daily activities required for 
personal and social sufficiency. The VABS-II uses four specific domains: Communication, Daily 
Living Skills, Socialization, and Motor Skills. The subscale scores are added up to yield an adaptive 
behavior composite score.  
The MacArthur Communicative Development Inventory (MCDI) was filled out by parents. It 
includes word comprehension (maximum score=370), word expression (maximum score=370), and 
gestures (maximum score=60). Because the children in the study were older than those in the 
normative groups, raw data were used instead of standard scores.  
The Child Behavior Checklist 1½-5 (CBCL) is a 100 item parent-report measure designed to record 
the behavioral peculiarities of preschoolers. Each item describes a specific behavior, and the parent 
is asked to rate its frequency on a three-point Likert scale. The scoring gives, among others, three 
main scores (Internalizing, Externalizing, and Total Problems). A T-score of 63 and above is 
considered clinically significant, and values between 60 and 63 identify a borderline clinical range; 
values beneath 60 are considered not clinical.  
The Social Communication Questionnaire (SCQ) is filled  by parents  to evaluate  the 
communication skills and social functioning of children. SCQ provides a total score that can be 
interpreted in relation to specific cutoff points (a score higher than 15 is considered indicative of a 
risk for ASD). SCQ content parallels that of the Autism Diagnostic Interview™, Revised, and the 
agreement between the two instruments is high and is substantially unaffected by age, sex, 
language, and performance IQ. 29 
 
Procedures 
Two evaluations were performed by blind clinicians and by parents during the research project: at 
the beginning of treatment (T0) and at the treatment after 6 months (T1). An electronic grid has 
been realized and shared by the centers to register evaluations data and to report in detail the hours 
of treatment (school hours are included) and parent involvement during child/therapist work 
sessions. All centers filled out this grid and sent it to the Stella Maris Scientific Institute, the leader 
of the research project, where all data analyses were performed.  
At T0, there were no significant differences among children of the different treatment centers 
regarding the mean scores of the assessment protocol.  
The study was approved by the Istituto di Ricovero e Cura a Carattere Scientifico Stella Maris 
Foundation Research Ethics Committee, and at least one parent provided written consent. 
 
TAU 
Children received TAU for a mean of 11.2 hours per week without any economic charge for 
families. TAU is composed of specific treatments performed by child neuropsychiatric services 
(CNS) and of school inclusion with individual support teacher. In Italy, laws 517/1977 and 
104/1992 established the right of inclusion for all children with disabilities, as well as some 
inclusion strategies, such as the right to be trained by a "support teacher" specifically trained to 
work in the field of disabilities (by means of a biennial special education course not specifically 
designed for ASD children). Before inclusion, children receive a "functional diagnosis" describing 
the child's strengths and weaknesses in all developmental domains; a "functional dynamic profile" 
prepared by the local CNS, together with teachers and parents, describing the expectations for 
child's modification after a first period of inclusion; and an "individualized educational plan" 
describing the objectives of the supportive project. Regular and special teachers are supported by an 
interdisciplinary team provided by CNS. The inclusive Italian program is a coteaching model in 
which general and support teachers work together to teach students with and without disabilities in 
the same classroom.  
Treatments offered by CNS include sessions of individual psychomotricity and/or speech and/or 
psycho-educative therapy. Each child's program includes individual goals and treatment objectives 
but is mainly based on staff expertise rather than manualized treatment protocols.  
Treatments can be placed within a continuum ranging from highly structured behavioral approaches 
guided by a therapist in a nonnaturalistic setting to approaches that follow the interests of the child 
in a naturalistic setting and are based on a developmental curriculum in a relational-based context.  
Sometime, but not always, TAU includes hours of parent involvement, and some homework is 
provided to them. The parent involvement is intended as parent coaching that is a direct 
involvement of the parents during the child–therapist work sessions.  
 
Sample size 
A sample size a priori calculation was performed. Considering that in previous studies the 
percentage of ADOS-G classification improvement (that we considered as primary outcome) was 
around 30%,1,2 we used a proportion difference of 30%. Accordingly, the sample size was 
estimated as being composed of 68 subjects with an α error of 0.05 and a β error of 0.10'. 
 
Data analysis 
All variables were examined for normality, using the Kolmogorov-Smirnov test; they were 
normally distributed.   
Mean scores at intake and after 6 months of TAU were computed for all primary (ADOS scores and 
changes in diagnostic classification) and secondary (Griffiths, VABS, MCDI, CBCL, and SCQ) 
outcome measures. Student's t-test (two-tailed) with the estimate of effect sizes (Cohen's d) was 
carried out.  
To determine whether a greater number of hours of treatment led to a better outcome, the ADOS-
CSS was used and the Pearson partial correlation, covaried for age, was performed. 
Student's t-test (two-tailed) with the estimate of effect sizes (Cohen's d) and multivariate analysis of 
variance, using Bonferroni adjustment, were carried out to find possible differences between parent 
involvement versus parent not involved and positive outcome (children who have improved their 
ADOS classification, passing from autism to spectrum or from spectrum to no spectrum) versus no 
positive outcome (children who do not have improved or have worsened their ADOS 
classification). Statistical analyses were performed using SPSS software (IBM Corporation, 
Armonk, NY, USA). An alpha level of .05 was used for all statistical analyses.  
 
Results 
Table 1 displays statistics for changes from T0–T1 on primary and secondary measures. Significant 
differences were found for all ADOS scores, on Griffiths Personal-Social and Hearing and Speech, 
and on VABS Daily Living and Socialization subscales. MCDI shows an improved score of 81.3 
points on language comprehension and of 12.8 on gestures. Significant differences were revealed on 
CBCL scales (P=0.001) and SCQ scores (P<0.001). 
 
Autism severity and hours of treatment 
The ADOS-CSS difference score (T1–T0) did not correlate with the number of hours of treatment 
(r=0.047; P=0.868). 
 
Parent's involvement 
Thirty-six children (31 boys and 5 girls) out of 70 had their parents involved in the treatment; this 
group was compared with the 34 (28 boys, 6 girls) children whose parents were not actively 
involved in treatment. At T0, a significant difference between the two groups was present as far as 
the age of children is concerned (parents involved, 27.9±2.62 months; parents not involved, 
40.2±5.25 months; t[69]=3.11; P=0.001). At T1, the multivariate analysis of variance (group × 
time), covaried for age and hours of treatment, showed significant differences on the ADOS Total 
scores (parents involved, T0: 17.8±3.8, and T1: 12.6±3.7; parents not involved, T0: 16±3.9 and T1: 
13.2±5.2; F[1,68]=4.21; P=0.017). Children with parents involved in treatment had significantly 
higher improvements compared with the group of children whose parents were not involved. 
 
Positive outcome 
Forty-five (64%) of 70 children maintained the same ADOS classification (37 continued to be 
classified as autistic and eight remained in the autism spectrum). ADOS classification changed for 
21 (34.2%) children from autism to autism spectrum and for three (4.2%) from autism spectrum to 
no spectrum. In one case, the diagnosis changed from the spectrum to autism. The flow chart in 
Figure 1 shows 70 children who changed or did not change their allocation either within the 
spectrum or outside the spectrum. At T0, significant differences between the 24 children with 
positive outcome (PO) and all others were present on ADOS Communication (PO, 5.09±1.08 
versus other, 6.13±1.83; t[69]=2.50; P=0.015; Cohen's d=0.069), Comprehension (PO, 177.9±98.03 
versus other, 123.9±108.1; t[69]=−2; P=0.049; Cohen's d=0.052), and Gestures (PO, 34.6±11.5 
versus other, 27.1±15.1; t[69]=−2.09; P=0.040; Cohen's d=0.052) at MacArthur. 
 
Discussion 
Here we present longitudinal changes of children with autism during the first 6 months of treatment 
immediately after first diagnosis. Results are a contribution to the research field on early treatment 
of children younger than 4 years with ASD in Italy. The naturalistic approach of our study is its 
strength: Cases arrived at clinics spontaneously, and they were representative of a real Italian 
population of young children who received usual treatments from their local services. Nevertheless, 
it has the weaknesses of an inaccurate identification and manualization of the applied treatment 
strategies. Hence, we are unable to make any hypothesis regarding which specific treatment 
ingredient is more useful for a better outcome. For example, we had not enough elements to give a 
contribute about the putative role of psychomotricity (or play therapy) during this early age, which 
is an important topic, as motor dysfunctions are increasingly described in ASD.30 In the same way, 
hours of school support and hours of formal treatment were melded, so we cannot distinguish 
specific effects of these two components of TAU. In the future, a comparison between the effect of 
a similar number of hours of school support and of formal treatment in two groups of children with 
ASD could improve our understanding of the effects of singular ingredients of TAU. 
In general, during the first 6 months of treatment, significant modifications occur in terms of autism 
severity and cognitive and linguistic development, as well as in adaptive behavior and comorbid 
psychopathology.  
Although the lack of a RCT design meant that it is difficult to say whether TAU had any effect 
above no treatment, the implications of these modifications are manifold. First, they emphasize that 
the 6 month assessments of young diagnosed children could be an optimal timeframe for the 
reassessments; as during this short period, clinical modifications are so diffusive that for many 
cases, it is necessary to revise the diagnosis and check the objectives of treatment.  
Second, our results identify early autism not as a rigid and stable disorder within the first 6 months 
of treatment. Instead, ADOS improvements and the parallel significant reduction on SCQ describe 
early autism as a disorder with a certain degree of instability. On this subject, a wide debate is 
ongoing.31,32 Turner and Stone33 indicated a stability of diagnosis in only 65% of children 
diagnosed before the age of 3 years; in contrast, Macari et al34 showed a higher diagnosis stability. 
A recent systematic35 review on diagnostic stability points out that the overall diagnostic stability 
is 85%–90% for autism disorder, whereas for other ASD, it is 14%–61%; our data match with the 
conclusion of this review that underlines that the broader diagnosis of another ASD (not including 
autism) is not a stable diagnostic category.  
Third, clinical changes are observed in many other domains. Of importance are changes on the 
CBCL, an instrument that is rarely used as an outcome tool in autism. CBCL changes can be read in 
two complementary ways: On the one hand, the reduction of internalizing problems is a further 
confirmation of the improvement of autistic symptoms; in fact, different studies36,37 have 
described this cluster as a specific expression of autistic symptomatology. On the other hand, a 
reduction in CBCL Total score might indicate a generally lower propensity to psychiatric 
comorbidity that is frequently reported in ASD38 and that could worsen the clinical picture of 
autism. 
Fourth, our research can contribute to the question of whether longitudinal changes are related to a 
specific treatment or whether they are part of the natural evolution of ASD, particularly when it is 
diagnosed and treated at an early age.39,40 All five longitudinal studies31–33,39,40 that measured 
early intervention as a possible predictor of diagnostic stability did not find any difference, as far as 
treatments are regarded, between children who maintained their diagnosis over time and those who 
did not. Because the inclusion of a control group without any treatment is virtually impossible for 
obvious ethical reasons, our study suggests that future efficacy studies should consider TAU as a 
control group and be precise about what the new treatment adds to the naturalistic outcome of TAU 
children.  
Fifth, our research has enabled us to investigate the role of parent involvement during early 
treatment. We have been able to identify within our sample a group of children who have benefited 
from the active involvement of parents and to compare their outcome with that of a group of 
children whose parents were not actively involved. This comparison revealed significant differences 
on most of the outcome measures in favor of the group in which the parents were involved. This 
result, although expected, is a confirmation of the importance of involving parents, who, because of 
being present in the therapy room, are likely to acquire new knowledge on their child and to reduce 
the stress of having a child with special needs.13 We can hypothesize that the increase of 
knowledge and the decrease of stress allow ongoing parent–child interaction to become an active 
part of treatment that is applied in everyday life. The positive effect of parent involvement is also 
promising in relation to the renewed interest in parent–child interactions as a possible outcome 
measure.41 Until now, efficacy studies have left aside the thorough investigation of treatment 
effects on parent–child interaction, which is, in fact, needed for the centrality that has been 
attributed to parent-mediated treatment by different national guidelines.42  
Finally, because our study does not differ in methodology (with regard to outcome protocol) from 
other effectiveness studies, it is possible to compare changes in our sample with those of samples 
described in other studies.1,2,43 In particular, we propose some considerations regarding changes 
on ADOS classification. About 34% of our children show an improvement from autism to autism 
spectrum, and 4% fall off the autism spectrum; these percentages of improvement are similar to the 
percentage of true responders found in other effectiveness studies. The fact that similar changes are 
obtained by our sample after 6 months of treatment and by samples in these studies after 12 months 
of treatment might suggest that the most salient changes happen during the first part of treatment 
and that they are followed by a slower improvement.44 The similar percentage of PO could also 
suggest the presence, inside autism classification, of children who are more responsive to 
treatment.45 In the future it will be of seminal importance to know whether these ASD children are 
of the same category in various studies or whether they are different children affected by a different 
type of autism that responds differently to specific elements of each treatment. Schreibman46 has 
underlined the need for developing a "technology" for the individualization of treatment through the 
exploitation, at the same time or in a sequential way, of different treatments among the many that 
are currently available for children with autism.12 Second, the extraction of this group of children 
with a PO could allow the identification of factors that can help clinicians in tailoring treatment and 
prognosis for this minority of children who are candidate for a PO. Among factors affecting PO, 
cognitive development was not found; as expected, PO correlated with a less-severe autism on 
ADOS. This result is in agreement with that of Vivanti,47 who, in a longitudinal study of early 
autism, has proposed that low cognitive level, frequently observed in autism, is not a comorbid 
feature of autism but is a consequence of the severity of social-communication deficits on the 
experience-dependent mechanisms underlying neurocognitive development. In the future, the 
identification of predictors of PO could examine the question of what works for whom with regard 
to autism. Carter15 has identified the low rate of baseline object interest as a predictor for good 
responsivity to her HMTW treatment and concludes that children who evidence higher initial object 
interest may require different strategies than those provided by the HMTW curriculum. 
 
Clinical implications 
Notwithstanding the need of a longer longitudinal assessment to better clarify the clinical outcome 
of early autism and the effective role of therapeutic factors, and to exclude the observer effect (also 
referred to as the Hawthorn effect), our results may indicate some useful key points in 
communicating diagnosis and starting treatment when we are faced with parents who received the 
first diagnosis of autism for their child. First, we can reasonably return to parents a working 
diagnosis48 considering PO as a real chance. Second, when we start treatment, it is mandatory that 
we consider the active involvement of parents as an element of seminal importance for early 
treatment. Third, it is necessary to develop a personalized treatment that takes into consideration the 
unique child profile and the more useful ingredients for that child among currently available and 
effective treatments. Fourth, the observed changes make it absolutely mandatory that there be a 
regular reassessment of each child, at least every 6 months. It is in fact through these assessments 
that we can more accurately verify the effectiveness of the proposed treatment and possibly modify 
or augment it if clearly not effective.45 Finally, we cannot underscore the importance of inclusion 
in the outcome of our children. Through inclusive education, our children spent most of their time 
at school, where they received specialized education and continuous confrontation with the normal 
behaviors of their peers. We cannot exclude the fact that, in part, the outcome of our children was 
influenced by this beyond the specific treatments provided by the services.49 As suggested by 
Parsons50 our research indicates the compelling need to conduct better educational research 
through collaborative partnerships between researchers and practitioners; we think this type of 
research could improve our understanding of outcomes for young children in the spectrum.  
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Abstract 
Background: Treatment As Usual (TAU) for autism spectrum disorders (ASD) includes eclectic 
treatments usual available in the community and of school inclusion with an individual support 
teacher. The Artificial Neural Networks (ANNs) have never been used in order to study the effects 
of treatment in ASD. Auto Contractive Map (Auto-CM) is a kind of ANNs able to discover trends 
and associations among variables creating a semantic connectivity map. The matrix of connections, 
visualized through a minimum spanning tree filter takes into account non linear associations among 
variables and captures connection schemes among clusters. Our aim is to use Auto-CM in order to 
recognize variables to discriminate between responders versus no responders at TAU.  
Method: 56 preschoolers with ASD were recruited at different sites in Italy. They were evaluated at 
T0 and after six months of treatment (T1). Children were referred to community providers for 
usually treatments.  
Results: At T1, the severity of autism measured through ADOS decreased in 62% of involved 
children (Response) while it was the same or worse in 37% of 56 (No Response). The application of 
the Semeion ANNs overcomes the 85% of global accuracy (Sine–Net almost reaching 90%). 
Consequently, some of the tested algorithms were able to find a good correlation between some 
variables and TAU outcome. The semantic connectivity map obtained with the application of the 
Auto-CM system showed results that clearly indicated that ‘Response’ can be visually separated 
from the ‘No Response’ cases. It was possible to visualize a Response area characterized by 
’Parents Involvement high’. No Response area resulted strongly connected with ‘Parents 
Involvement low’.  
Conclusion: The ANN model used in this study seem to be a promising tool for the identification of 
the variables involved in the positive of negative response to TAU in autism. 
 
 
 
 
 
 
 
 
 
 
 
Introduction  
Autism Spectrum Disorders (ASDs) encompass a broad spectrum of heterogeneous 
neurodevelopmental disorders characterized by social communication impairments and restricted 
repetitive patterns of behavior.1 
Recent studies have compared specific early manualized interventions versus treatment as usual 
(TAU) that is usually available in the communities.2-8 These studies were Randomized Controlled 
Trials (RCT) that are considered as the “gold standard” of the evidence-based research. 9 
Nevertheless, the debate on RCT remains much discussed.  
One of the biggest problems associated with RCT studies is their distance from the real-world 
environment. The present dilemma raises a question whether we should use randomized trials or 
observational studies to assess the outcome of a particular disease such as autism. This question is 
really fundamental since an observational study might constitute the ideal medium for the 
application of artificial adaptive systems (AASs). 
The central strength of the RCT is that groups of patients allocated to each treatment tend to be 
comparable. In addition, randomization leads to robust methods of hypothesis testing that requires 
few statistical assumptions. For these reasons, RCT is often regarded as the “gold standard” of 
therapeutic and diagnostic research.  
However, in real life, patients are not randomly assigned to receive manualized treatment given in a 
rigid, standardized way, as is the case in most RCTs.   
Since traditionally the drawback of observational studies is the poor internal validity, in the recent 
years efforts have been made to develop improved methods to evaluate therapeutic effectiveness in 
the framework of observational studies. 10- 12 
Artificial adaptive systems can analyze real-world data very efficiently. The internal validity of 
their assessment is provided by uniquely severe validation protocols, seldom used in classical 
statistics. 13-15  
In the last twenty years, Artificial Neural Networks (ANNs) have been used in the field of autism to 
investigate the mechanisms of developmental regression, 16 to identify peculiar features in reach-
and-throw movements,17 to predict the diagnosis, 18 to study attention shift19 and to discriminate 
children with autism from children with mental retardation. 20 
We performed the present study to investigate whether this revolutionary mathematical approach 
can increase our knowledge on the connections among those variables in subjects who respond 
positively to treatment as usual (TAU) and so identify key variables to discriminate among 
responders versus non responders. 
To accomplish this we applied ANNs and other machine learning systems to assess their predictive 
capacity in distinguishing consistently the two outcomes of interest (response vs no response) of 
treatment as usual (TAU) and to identify the variables expressing the maximal amount of relevant 
information for this distinction.  
ANNs allow a method of forecasting with understanding of the relationship among variables, and in 
particular nonlinear relationships.11-21-22 ANNs function by initially learning a known set of data 
from a given problem with a known solution (training) and then the networks, inspired by the 
analytical processes of the human brain, are able to reconstruct the imprecise rules which may be 
underlying a complex set of data (testing).  
Moreover, we used the Auto Contractive Map-Auto-CM algorithm (Auto-CM), a special kind of 
Artificial Neural Network able to define the strength of the associations of each variable with all the 
others and to visually show the map of the main connections of the variables and the basic semantic 
of their ensemble. 
 
Materials and Methods 
Population 
In this work we studied in a new way some of the data from our previous study.23 The sample 
consisted of 56 children (47 male; 9 female; mean age: 36.01±0.79 months; age range: 18-60 
months). 46 children underwent a DSM-IV-TR diagnosis of AD and 10 received a diagnosis of 
PDD-NOS. 51 children received an ADOS classification of autism and 5 received an Autism 
Spectrum diagnosis. Mean non verbal development quotient was 73.8±18.3 (range: 50-125) and 
mean General Quotient was 59.1±11.8 (range: 34-85).  
 
Measurements 
The assessment protocol was composed by gold standard measures: ADOS-G (the first author AN 
was certified to administer ADOS in clinical and research setting from University of Michigan 
Autism Communication Centre – UMACC. All clinicians involved in this study were trained to 
administer ADOS in clinical setting); Griffiths Mental Developmental Scales and Vineland 
Adaptive Behavior Scales-II. We used also parent reports: MacArthur Communicative 
Development Inventories; Child Behavior Checklist 1½-5; and Parenting Stress Index (a detailed 
description of this assessment protocol was reported in our original study).23  
 
 
 
Procedure 
Children were evaluated at T0 and after six months of treatment (T1). At T0, child clinical 
measures were well equable across treatment sites. 
Intervention 
All children received Treatment As Usual (TAU). It includes eclectic treatments usually available 
in the community and of school inclusion with individual support teacher. TAU included speech 
therapy and/or psycho-educative therapy. Each child’s program comprises of individual objectives 
but is mainly based on therapists expertise rather than on manualized treatment protocols or 
uniform training. Treatments can be placed within a continuum ranging from highly structured 
behavioral approaches to approaches that follow the interests of the child in a naturalistic setting 
and are based on a developmental curriculum in a relational based context (a deep explanation of 
TAU is also reported in our original paper). 23 
 
Outcome 
The primary outcome was the ADOS-CSS (Calibrated Severity Score) in order to distinguish 
children who positively respond to treatment (here-in-after Response) vs. no responders (here-in-
after No Response). ADOS-CSS is a measurement of the severity of the autism symptoms. The 
ADOS-CSS scores had more uniform distributions across developmental groups and were less 
influenced by participant demographics than raw totals. This metric is useful in comparing 
assessments across time and identifying trajectories of autism severity for clinical research.24  
 
Mathematical Methods 
To evaluate the possibility to predict the treatment outcome [response vs no response] using as 
input data all the 25 variables on study (Table 1) we have trained different learning machines 
algorithms available on WEKA data mining software25-27 and on Semeion Research Centre 
depository as classification tools to predict the target variable using the Training and Testing 
validation protocol. This protocol has been described in detail elsewhere. 14,15  
The learning machines algorithms developed at the University of Waikato, New Zealand available 
on the WEKA data mining software are listed in Table 2, 28-34 while two ANNs (Self Momentum 
Back Propagation and Sine Net) 35-36 were implemented in “Supervised ANNs Software”, 
developed at the Semeion Research Center in Rome, Italy (Buscema; Supervised ANNs. Semeion 
software #12, version 16.0).  
However, since noisy input attributes sometimes can hide the small meaningful information 
embedded in other attributes, a pruning procedure was used as a pre-processing tool to eliminate 
noisy variables before the outcome prediction of the main test. In order to conduct that procedure, a 
special and powerful recently published input selection algorithm named TWIST (Training With 
Input Selection and Testing) was applied37-44 and developed in a special research software at the 
Semeion Research Center in Rome, Italy (Buscema M (2006-2012) TWIST Input Search, Semeion 
software #39, version 3.2). 
 
TWIST algorithm 
As described on Coppedè work21 the TWIST algorithm is a complex algorithm able to search for 
the best distribution of the global dataset divided in two optimally balanced subsets containing a 
minimum number of input features useful for optimal pattern recognition. TWIST is an 
evolutionary algorithm based on a seminal paper about Genetic Doping Systems,26 already applied 
to medical data with very promising results.11,22,26,38-44 TWIST selected 9 of the original 
attributes (see Table 3) and generated a global dataset of 25 attributes, and two optimal subsets for 
training and testing. We then applied the K-Fold protocol to the global dataset to verify if the 9 
attributes selected by TWIST may improve the performances of the learning machines already 
applied to the original dataset. Moreover, as a second step we have applied the same learning 
machines to the two subsets generated directly by TWIST. 
 
Semantic Connectivity Map 
An existing mapping method45,46 was used to highlight through a graph the most important links 
among variables, using a mathematical approach called Auto Contractive Map (Auto-CM). Auto-
CM is a special kind of Artificial Neural Network able to find the consistent patterns and/or 
systematic relationships among variables. 45-46 AutoCM ANN was designed by M Buscema at the 
Semeion Research Center in Rome, and developed in specific research softwares (AutoCM - Auto 
Contractive Map, Semeion software #46, version 6.0; Modular Auto-Associative ANN, Semeion 
software #51, version 18.1).   
Auto CM can also recognize in hard conditions, which are when the connections of the main 
diagonal of the second connections matrix are removed. When the learning process is organized in 
this way, Auto CM seems to find specific relationships between each variable and any other. 
Consequently, from an experimental point of view, it seems that the ranking of its connections 
matrix is equal to the ranking of the joint probability between each variable and the others. For the 
Auto-CM analysis the same 25 variables used for predictive analysis were employed except for 
gender and treatment centre localization. We transformed the 23 input variables in 46 input 
variables constructing for each of the variable, scaled from 0 to 1, its complement as explained in a 
previous paper. 47 
In the complement transformation, by subtracting the scaled value from 1 the system was allowed 
to project and point out the fuzzy position of each variable according to its low values. This is 
important because in non linear systems, the position of high and low values of a given variable is 
not necessarily symmetric. 
In this way the projection of the original variables tended to show high values while the 
complement transformation tended to show low values of the original variables. In the map we have 
named these two different forms as high and low. This pre-processing scaling is necessary to make 
possible a proportional comparison among all the variables and understand the existing links of 
each variable when the values tend to be high or low. 
 
Results 
Response vs. No Response 
At T1, ADOS-CSS improved in 35 (62.5%) of 56 children (Response) while it was the same or 
worse in 21 (37.5%) of 56 (No Response).  
On Table 4 were reported the independent t test and Cohen’s d effect size results of the comparison 
between Response and No Response groups at T0 assessment. There were significant differences at 
p<.001 only at Internalizing Problems (CBCL) and Total and Child Domain (PSI).  
 
Prediction of the Outcome with Machine Learning Algorithms 
Tables 5 and 6 show the results in the two selected strategies of prediction (with & without 
variables selection respectively). 
Using all the 25 variables in the dataset as input vectors, the classification capabilities of all the 
algorithms are rather low, except the Sine Net and Back-propagation (77.35% and 77.99% of global 
accuracy respectively). The conclusion from table 5 could be: there is a moderate evidence of 
correlation between these variables and TAU outcome. However, the application of TWIST 
algorithm to eliminate noisy variables before the main test of pattern recognition allowed the 
selection of 9 attributes (listed in Table 3). Most of the learning machines improve their 
performances dramatically (up to 80% and more of global accuracy) and both the Semeion ANNs 
overcome the 85% of global accuracy (Sine–Net almost reaching 90%) (Table 6). Consequently, 
some of the tested algorithms found a good correlation between some variables and TAU outcome, 
once the noisy attributes were removed.  
 
Semantic connectivity map 
Figure 1 reports the semantic connectivity map. As described in Coppedè paper21 in order to better 
understand the meaning of the connections a numerical value is applied to each edge of the graph. 
This value, deriving from the original weight developed by Auto-CM during the training phase 
scaled from 0 to 1, is proportional to the strength of the connections among two variables. 
Moreover, by means of Auto-CM, it is possible to obtain not only the direction of the association as 
provided by standard statistical analyses, but specifically also the strength of this association (Link 
Strength = LS).  
It was possible to visualize a Response area characterized by’ Parents Involvement high’ 
(LS=0.98); and ‘MacArthur Expressive low’ (LS=0.99).  
This last condition was linked to: ‘Age low’ (LS=0.99); ‘Vineland Composite low’ (LS=0.99); 
‘MacArthur Comprehension low’ (LS=0.99) and ‘Griffith locomotor low’ (LS=1.00). Globally, all 
Griffiths scales, linked to ‘Response’, showed low scores: Personal, Speech, Eye, Performance and 
General. 
Otherwise, No Response area resulted highly connected only with ‘Parents Involvement low’ 
(LS=0.98). This condition was directly linked to ‘PSI total low’ (LS=0.99) that was linked to low 
scores on CBCL scales.  
In general, ‘No Response’ area was linked to low PSI scores: both on Parent Domain and Child 
Domain; and high MacArthur scores (Expressive, Comprehension and Gestures). 
 
Discussion 
The present study represents the first attempt to use ANNs in the arena of the research on ASD 
treatment. Our aim was to see if ANNs were able to discriminate children who respond positively to 
TAU in terms of reduction of autism severity, using a set of variables describing behavioral, 
developmental and adaptive level profiles, and parental distress.   
Despite the observational nature of the study, thanks to ANNs capacity it was possible to build a 
predictive model of outcome response, an objective which couldn’t be reached in our previous 
research work.23 In fact, through TWIST system, we established a consistent possibility to predict 
the status of being a Responder or a Non Responder on the basis of 9 variables (selected out of 25) 
that allowed to reach up to 89% global accuracy to some of the used learning machines. These 
selected variables contain specific information to discriminate between the two responder 
conditions. It was unexpected that, among these predictors, cognitive and language levels are not 
present. Most studies in fact indicate that children with lower IQ are less likely to undergo positive 
gains. 48 However, other studies have clearly demonstrated that, even among children with equally 
impaired cognition and language, individual response to the same treatment often differ 
markedly.50 According to this latter finding, this study suggested that other factors not unique to 
ASD, such as parent involvement and stress, may be better predictors of treatment outcomes. In any 
case it should be considered that TAU is a low-specialized treatment so that it can be pointed out 
that only those children respond to TAU who they have behavioral problems, at CBCL and PSI, and 
a better global functioning.   
The semantic connectivity map obtained by means of the Auto-CM system identified parent 
involvement as the main variable that influences the positive outcome of children under treatment; 
on the other side no parent involvement is the main factor predicting negative outcomes. This 
finding, although partially expected,50-57 underlines the importance of involving parents who no 
longer have to be ‘left out’ of the treatment room. Interestingly, a recent comprehensive synthesis of 
existing meta-analyses of Early Intensive Behavioral Intervention (EIBI) for young children with 
ASD published from 2009 to 2011 reported parent inclusion as a crucial factor for enhancing 
treatment effectiveness.55  
Parents must be viewed as important participants in the intervention, and therapist-delivered 
treatment programs must be accompanied by parent-training methods.56 In fact, this tenant has 
continued as part of the most recent approaches to early intervention in autism.57 Second, this 
result is on the same wavelength with findings of a recent meta-analysis that support the positive 
impact of psychosocial interventions delivered by non-specialist providers as well as the parents of 
children with ASD. 58 Finally, the positive effect of parent involvement during therapy makes it 
necessary in the future to assess parent-child interaction as a possible outcome measure.59  
In addition to direct involvement of parents, semantic connectivity map has identified other 
predictors of better outcome in terms of reduction in the severity of autism after TAU.  
First, the young age in which the child begins treatment is consistent with the finding that confirms 
others research works that have underlined the importance of young age at the start of the treatment 
as a factor to promote benefits  in the social communication domain.60-65 According to these 
authors it is largely hypothesized that the better outcome might be due to the higher brain plasticity 
at this early age. 66 
Second, young children are more likely to undergo positive gains if, at the beginning, they have low 
language and cognitive performances. Rogers67 has already suggested, some years ago, that the 
evidence of direct links between pretreatment language abilities and treatment outcomes is 
contradictory. For example, Fenske60 mentioned that the presence of language abilities not always 
predicted positive outcomes in young treated children. The reason for this counterintuitive finding 
needs more investigations. It could be hypothesized that at this young age a later development of 
language means that it is less interfered by the autistic process. It is possible that if language already 
has autistic features other gains in the social/pragmatic language become more difficult. These 
children could be most resistant to change than children having low language performances when 
they started the treatment. On the contrary, if language develops during a sustained social-
communicative program it has more chances to have typical features and it could have cascading 
effects on global development.  
Semantic connectivity map shows that cognitive functioning cannot be considered a critical factor 
affecting outcomes in ASD young children.68 Although some studies showed that having higher IQ 
at intake is predictive of a better social performances after treatment65 other studies found no 
relation between pretreatment IQ and outcomes.62,69 Thus, the role of the initial IQ as a predictor 
of outcome needs to be more investigated in future studies. 
Third, the total number of hours of treatment was not predictive of better outcome. The 
intensiveness of treatment is a longstanding conflicting discussion point in the arena of autism 
treatment. Although, some studies have described best outcome when maximum hours per week of 
treatment is provided,70 other studies, that specifically examined outcome effects of hours per week 
of treatment, have found no differences in benefits obtained.71 In any case this study suggests that 
the concept of intensiveness should be reformulated taking into account which type of support 
children have outside specific hours of treatment. For example, parent involvement means that 
some part of treatment is provided by parents during everyday life, thereby increasing hours of 
treatment. 
On the other side  the stronger variables influencing no response to treatment, in addition to low 
parental involvement during the treatment, are the low stress levels of parents and the low 
behavioral problems of the child.  
Usually, a child with an ASD diagnosis is a source of stress for the family72 and is considered a 
high stress at the beginning of treatment as a parents’ right reaction. 24 On the contrary, the low 
level of parental stress could be linked to a low awareness of the severity of diagnosis of their 
children so that these parents could be less active in being involved, seeking and planning the 
treatment solutions for their children. The low stress could also be linked to the low level of child’s 
behavioral problems that often represent one of the most significant sources of stress for the 
families.73-75 It is worth noting that a recent study76 has reported that behavior problems that are 
not core symptoms of ASD were associated with an high parental stress.  
The low behavioral problems could indicate that a certain type of children are less sensitive to 
TAU: first of all this behavioral pattern seems to describe the aloof type of autism spectrum 
according to Wing,77 i.e. subjects with a total disengagement from social interaction and a failure 
to engage in interpersonal reciprocity; second, these patients seem free of regulation disorder and/or 
anxious or opposite comorbidity frequently reported in ASD. 78,79 Our hypothesis is that the 
absence of these comorbid features could mean a more rigid and less treatable autism. These 
children could be most resistant to change than children having dysregulatory comorbid pattern; or 
simply they are less sensitive to TAU and need a different type of treatment. 
 
Strengths and Limitations 
The observational approach combined with the use of ANNs, represents the main point of strength 
of this study. Cases spontaneously arrived at clinics represent a real autistic population of pre-
schoolers which received treatments by their communities. This is a big advantage with respect to 
translational need of current clinical research. In this scenario, although the lack of an RCT trial 
could be considered a weakness from a methodological point of view, the use of ANNs allowed us 
to overcome the main problem of observational design approach (i.e. the low internal validity). 
Special protocols of external validation methods, including cross-validation, and the data set 
splitting into training and testing samples are able to increase the internal validity of clinical studies 
such as ours. Originally developed for neural network approaches, these validation protocols are 
now frequently applied to these traditional analyses. In this way, the use of ANNs is a powerful 
booster for the more widespread use of observational design in clinical research.   
Moreover ANN could be considered a more ‘naturalistic’ approach than RCT in the field of autism 
research. In fact in real life, patients are not randomly assigned to receive manualized treatment 
given in a standardized way, as is the case in most RCTs.  
Patients with autism in the real world have co-morbid conditions (i.e. epilepsy; severe mental 
retardation) that normally would preclude them from entering an RCT, or they tend to be less 
compliant to the treatment and less subject to artificial expectations of recovery, arising from 
enthusiastic feedback from highly motivated investigators (Hawthorn effect). 
The RCT tries to maintain a specific variable (the type of intervention) under control thanks to 
randomization, presuming that all independent variables will be automatically balanced between 
treatment groups, and therefore, the eventual differences on the outcome might be attributed to the 
treatment type. Unfortunately, the balance of independent variables at the group level may not be 
the same at the single individual level nor it allow for the discovery of an eventual complex 
interaction between independent and dependent variables.  
Since translational research has to do with real life, one would be more interesting in 
“effectiveness” rather than “efficacy”.   
Effectiveness tends to answer to the question that whether the intervention work in the real world. 
Although, effectiveness is much more difficult to assess than efficacy, it is now recognized as being 
the most important factor in deciding whether a particular agent worth the resources that it 
consumes.  
Since traditionally the drawback of observational studies is the poor internal validity, in the recent 
years efforts have been made to develop improved methods to evaluate therapeutic effectiveness in 
the framework of observational studies. 
Artificial adaptive systems can analyze real-world data very efficiently and it is very important for 
the autism community. The internal validity of their assessment is provided by uniquely severe 
validation protocols, seldom used in classical statistics.  
The main limitation of this study is the relatively small sample size. The clinical applicability of 
ANNs should be tested in large, multicenter, prospective clinical trials on treatment effectiveness. 
Moreover, although this study found some interesting predicting factors, it obviously has left some 
others not involved (e.g. the features of the parents and the family, some biomarkers of the disease). 
To include all these possible variables will be very important for a good prediction model. So the 
current study is preliminary, as a methodological exploration on the path to accurate prediction. 
In conclusion, the ANN model used in this study appears to be a promising tool for the 
identification of the variables involved in the positive or negative response to TAU in autism. The 
identification of these variables represents a core step to respond to the key question ‘what works 
for whom’ and thus to pave the way for treatment personalization.  
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Appendix 1 
The Comparison Algorithms 
In this section we briefly describe the classic learning machines we compared. We have 
implemented the following learning machines using the Weka software package (Waikato 
Environment for Knowledge Analysis, Version 3.6.8, 1999-2012, an open source software tool 
developed for machine learning at the University of Waikato in New Zealand) and Semeion 
Software Suites (M. Buscema, Supervised ANNs and Organisms, Semeion Software #12, Version 
23.0, 1999-2014) . 
 
Bayesian algorithms 
The Bayesian algorithms are, obviously, based on Bayes' theorem which states that given a set of 
events that partition an event space, any event dependent on event space enriches the knowledge of 
initial events by equation.80-81 
 
 
 
The classifiers based on Bayesian networks (Bayes Net) represent the variables described by the 
formula in equation80 without special restrictions, while the naïve Bayesian networks (Naive 
Bayes) are based on Bayes' formula with the assumption of stochastic independence between the 
variables. This drastic restriction of the domain of validity of the theorem makes this a high-
performance classifier applicable to many practical problems. 82-84 
The Naïve Bayes classifier used in this paper is according to the Weka implementation. 
 
Regression Algorithms: Logistic Regression and Multilayer Perceptron 
The logistic regression is a particular case of generalized linear regression applied in cases where 
the dependent variable “y” and its type are dichotomous. 85-86 
The model is described by the function 
 
 
with  independent variables and p is the probability that event y will occur. 
As a generalization of the logistic regression model with a feed forward flow and totally 
interconnected we have the Multilayer Preceptor model. 87 
The Regression classifier and the MPL classifier used in this paper follow the Weka 
implementation. 
 
Optimization algorithms: SMO and SVM 
A Support Vector Machine (SVM) is a binary classifier that recognizes the hyper plane separating 
two different classes by maximizing the distance between the closest training examples. 
Given a set of dual training 
 
 
we seek a solution for the equation 
 
  
in which 
 
 
and where C = constant,   is the kernel function, and   represents Lagrange multipliers. 
The Sequential Minimal Optimization (SMO) are iterative algorithms used to solve the optimization 
problem described for the SVM by decomposing it into a series of sub-problems, most small 
enough so that they can be solved analytically. 88-91 
The SMO classifier used in this paper is according to the Weka implementation 
 
Tree Algorithms 
Tree algorithms, or decision-making trees, rely on building a tree from the element's attributes 
(nodes) and the possible values that they can take (strings) until one arrives at the leaves 
representing the class of the instance.  The path from the root node to a leaf node through the arch 
value determines the path that a particular instance must take to reach the membership class. The 
constructed tree attained from training datasets uses equations that determine the number of strings 
needed to be generated from a single node. Such decision trees can be used as binders. 
 
J48 
The J48 and the Weka implementation of the C 4.5 algorithm was used to generate a decision tree 
of the kind developed by Ross Quinlan as an extension of the ID3 algorithm.92  A decision tree 
constructed in this way builds from the training data using the concept of entropy of a discrete 
random variable  
 
 
where   is the probability of the ith event. 
 
Random Trees, Random Forest 
Random Decision Trees were introduced by Leo Breiman and Adele Cutler to treat both problems 
of classification and regression. These are defined as a collection of decision trees called a Forest.93 
The Random Tree classifier takes in input feature vector, the ranking for each tree in the forest, and 
assigns the class that had the largest number of recurrences. 
J48 and Random Forest classifiers used in this paper are according to the Weka implementation. 
 
Rotation Forest 
Rotation Forest94 draws upon the Random Forest idea. The base classifiers are also independently 
built decision trees, but in Rotation Forest each tree is trained on the whole data set in a rotated 
feature space. As the tree learning 
algorithm builds the classification regions using hyper-planes parallel to the feature axes, a small 
rotation of the axes, using PCA,  may lead to a very different tree. 
 
Enhanced Back Propagation (EBP) 
EBP is an enhanced version of classic Back Propagation algorithm. The Momentum is transformed 
in Self Momentum, in order to adapt the learning process to the local error condition of each 
networks node. 95 
 
 
 
Sine Net 
Sine Net (SN) is characterized by the presence of a specific double non-linear relationship on the 
connections between nodes. This characteristic has deep evident consequences on the properties of 
this network both on the computed function and on the behaviour of this network during the 
learning phase. 96-98 
 
IBk (Instance-based learning algorithms) 
IBk is a sort of K-nearest neighbors classifier. Can select appropriate value of K based on cross-
validation. Can also do distance weighting. The algorithm can work on Numeric class, Binary class, 
Date class, Nominal class, Missing class values and on the following type of attributes: Date 
attributes, Unary attributes, Numeric attributes, Nominal attributes, Missing values, Binary 
attributes and Empty nominal attributes. 99 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
References 
1.American Psychiatric Association (2013) Diagnostic and statistical manual of mental disorders 
(5th ed.). Arlington, VA: American Psychiatric Publishing. 
2.Volkmar F, Siegel M, Woodbury-Smith M, King B, McCracken J, et al. Practice parameter for 
the assessment and treatment of children and adolescents with autism spectrum disorder. J Am 
Acad Child Adolesc Psychiatry. 2014; 53(2):237-57.  
3.Kasari C. Are we there yet? The state of early prediction and intervention in autism 
spectrumdisorder. J Am Acad Child Adolesc Psychiatry. 2013; 53(2):133-4. 
4.Dawson G, Bernier R. A quarter century of progress on the early detection and treatment of 
autismspectrum disorder. Dev Psychopathol. 2013; 25 (4 Pt 2):1455-72. 
5.Ospina MB, Krebs Seida J, Clark B, Karkhaneh M, Hartling L, et al. Behavioural and 
developmental interventions for autism spectrum disorder: a clinical systematic review. PLoS One. 
2008; 3(11):e3755. Epub 2008 Nov 18. Review. 
6.Narzisi A, Colombi C, Balottin U, Muratori F. Non-Pharmacological Treatments in Autism 
Spectrum Disorders: An Overview on Early Interventions for Pre-schoolers. Curr Clin Pharmacol. 
2013; Sep 20. Epub ahead of print. 
7. Dawson G, Rogers S, Munson J, Smith M, Winter J, et al. Randomized, controlled trial of an 
intervention for toddlers with autism: the Early Start Denver Model. Pediatrics. 2012; 125 (1): e17-
23. 
8.Green J, Charman T, McConachie H, Aldred C, Slonims V, et al. Parent-mediated 
communication-focused treatment in children with autism (PACT): a randomised controlled trial. 
Lancet. 2010; 19;375(9732):2152-60. Epub 2010 May 20. 
9.Grossi E. Technology Transfer from the Science of Medicine to the Real World: The Potential 
Role Played by Artificial Adaptive Systems. Substance Use & Misuse. 2007; 42 (2): 267 – 304. 
10.Rutten-Van Molken MPMH, Van Doorslaer EKV, VanVliet RCJA. Statistical analysis of cost 
outcomes in a randomized controlled clinical trial. Health Economics.1994; 3:333–345. 
11.Grossi E, Mancini A, Buscema M. International experience on the use of artificial neural 
networks in gastroenterology. Dig Liver Dis. 2007; 39: 278-285. 
12.Horwitz RI, Viscoli CM, Clemens JD, Sadock RT. Developing improved observational methods 
for evaluating therapeutic effectiveness. American Journal of Medicine. 1990; 89(5):630–638. 
13.Vomweg TW, Buscema M, Kauczor HU, Teifke  A, Intraligi M, et al. Improved artificial neural 
networks in prediction of malignancy of lesions in contrast-enhanced MR-mammography. Medical 
Physics. 2003; 30(9):2350–2359. 
14.Andriulli A, Grossi E, Buscema M, Festa V, Intraligi NM, et al. Contribution of artificial neural 
networks to the classification and treatment of patients with uninvestigated dyspepsia. Digestive 
and Liver Disease. 2003; 35:222–231. 
15.Mecocci P, Grossi E, Buscema M, Intraligi M, Savare R, et al. Use of artificial networks in 
clinical trials: A pilot study to predict responsiveness to Donepezil in Alzheimer’s disease. Journal 
of the American Geriatrics Society. 2002; 50(11):1857–1860. 
16.Thomas MS, Knowland VC, Karmiloff-Smith A. Mechanisms of developmental regression in 
autism and the broader phenotype: a neural network modeling approach. Psychol Rev. 2011; 
118(4):637-54. 
17.Perego P, Forti S, Crippa A, Valli A, Reni G. Reach and throw movement analysis with support 
vector machines in early diagnosis of autism. Conf Proc IEEE Eng Med Biol Soc 2009; 2555-8.  
18.Arthi K, Tamilarasi A. Prediction of autistic disorder using neuro fuzzy system by applying 
ANN technique. Int J Dev Neurosci. 2008; 26(7):699-704. Epub 2008 Jul 26. 
19.Gustafsson L, Papliński AP. Self-organization of an artificial neural network subjected to 
attention shift impairments and familiarity preference, characteristics studied in autism. J Autism 
Dev Disord. 2004; 34(2):189-98.  
20.Cohen IL. An artificial neural network analogue of learning in autism. Biol Psychiatry. 1994; 
36(1):5-20. 
21.Coppedè F, Grossi E, Migheli F, Migliore L. Polymorphisms in Folate-Metabolizing Genes, 
Chromosome Damage, and Risk of Down Syndrome in Italian Women: Identification of Key 
Factors Using Artificial Neural Networks. BMC Med Genomics. 2010; 3: 42. 
22. Penco S, Grossi E, Cheng S, Intraligi M, Maurelli G, et al. Assessment of the Role of Genetic 
Polymorphism in Venous Thrombosis Through Artificial Neural Networks. Ann Hum Genet. 2005; 
69: 693-706. 
23.Muratori F, Narzisi A, IDIA Consortium. Exploratory study describing 6-months outcomes for 
young children with autism who receive treatment as usual (TAU) in Italy. Neuropsychiatr Dis 
Treat. 2014; 8 (10): 577-86. 
24.Gotham K, Pickles A, Lord C. Standardizing ADOS scores for a measure of severity in autism 
spectrum disorders. J Autism Dev Disord. 2009; 39(5):693-705. Epub 2008 Dec 12. 
25.Hall M, Frank E, Holmes G, Pfahringer B, Reutemann P, et al. The WEKA data mining 
software: an update. SIGKDD Explorations. 2009; 11(1): 10-18. 
26.Buscema M, Grossi E, Intraligi M, Garbagna N, Andriulli A, et al. An Optimized Experimental 
Protocol Based on Neuro-Evolutionary Algorithms. Application to the Classification of Dyspeptic 
Patients and to the Prediction of the Effectiveness of Their Treatment. Artif Intell Med. 2005; 34: 
279-305. 
27.Buscema M. Genetic Doping Algorithm (GenD): Theory and Application. Expert Syst. 2004; 
21: 63-79. 
28.Hosmer DW, Lemeshow S (2000) Applied Logistic Regression (2nd ed.). Wiley. 
29.Ross Q (1993) C4.5: Programs for Machine Learning. Morgan Kaufmann Publishers, San 
Mateo, CA.  
30.Collobert R, Bengio S (2004) Links between Perceptrons, MLPs and SVMs. Proc. Int'l Conf. on 
Machine Learning (ICML).  
31.George HJ, Langley P (1995) Estimating Continuous Distributions in Bayesian Classifiers. In: 
Eleventh Conference on Uncertainty in Artificial Intelligence, San Mateo, 338-345.  
32.Livingston F (2005) Implementing Breiman â€™ s Random Forest Algorithm into Weka - 
ECE591Q Machine Learning Conference Papers. November 27.  
33. Rodriguez JJ, Kuncheva LI, Alonso CJ. Rotation Forest: A new classifier ensemble method. 
IEEE Transactions on Pattern Analysis and Machine Intelligence. 2006; 28(10):1619-1630.  
34.Keerthi SS, Gilbert EG (2002) Convergence of a Generalized SMO Algorithm for SVM. 
Machine Learning. 
35.Buscema M. Back propagation neural networks. Subst Use Misuse. 1998; 33: 233-270.  
36.Buscema M, Terzi S, Breda M. Using sinusoidal modulated weights improve feed-forward 
neural networks performances in classification and functional approximation problems. WSEAS 
Trans Inf Sci Appl. 2006; 3: 885-893. 
37.Buscema M, Breda M, Lodwick W. Training With Input Selection and Testing (TWIST) 
algorithm: a significant advance in pattern recognition performance of machine learning. J Intell 
Learn Syst Appl. 2013; 5: 29-38. 
38.Coppedè F, Grossi E, Migheli F, Migliore L. Polymorphisms in Folate-Metabolizing Genes, 
Chromosome Damage, and Risk of Down Syndrome in Italian Women: Identification of Key 
Factors Using Artificial Neural Networks. BMC Med Genomics. 2010; 3: 42. 
39.Lahner E, Intraligi M, Buscema M, Centanni M, Vannella L, et al. (2008) Artificial Neural 
Networks in the Recognition of the Presence of Thyroid Disease in Patients with Atrophic Body 
Gastritis. World J Gastroenterol. 2008;14: 563-568. 
40.Buri L, Hassan C, Bersani G, Anti M, Bianco MA, et al. Appropriateness Guidelines and 
Predictive Rules to Select Patients for Upper Endoscopy: A Nationwide Multicenter Study. Am J 
Gastroenterol. 2010; 105: 1327-1337. 
41.Street ME, Grossi E, Volta C, Faleschini E, Bernasconi S. Placental Determinants of Fetal 
Growth: Identification of Key Factors in the Insulin-Like Growth Factor and Cytokine Systems 
Using Artificial Neural Networks. BMC Pediatrics. 2008; 8: 24. 
42.Buscema M, Grossi E, Capriotti M, Babiloni C, Rossini PM. The I.F.A.S.T. Model Allows the 
Prediction of Conversion to Alzheimer Disease in Patients with Mild Cognitive Impairment with 
High Degree of Accuracy. Curr Alzheimer Res. 2010; 7: 173-187. 
43.Rotondano G, Cipolletta L, Grossi E, Koch M, Intraligi M, et al. Artificial Neural Networks 
Accurately Predict Mortality in Patients with Non variceal Upper GI Bleeding. Gastrointest 
Endoscop. 2011; 73: 218-226. 
44.Pace F, Riegler G, de Leone A, Pace M, Cestari R, et al. Is It Possible to Clinically Differentiate 
Erosive from Non erosive Reflux Disease Patients? A Study Using an Artificial Neural Networks-
Assisted Algorithm. Eur J Gastroenterol Hepatol. 2010; 22: 1163-1168. 
45.Buscema M, Grossi E. The semantic connectivity map: an adapting self organising knowledge 
discovery method in data bases. Experience in gastro-oesophageal reflux disease. Int J Data Min 
Bioinform. 2008; 2: 362-404. 
46.Buscema M, Grossi E, Snowdon D, Antuono P. Auto-Contractive Maps: an artificial adaptive 
system for data mining. An application to Alzheimer disease. Curr Alzheimer Res. 2008; 5: 481-
498. 
47.Gironi M, Saresella M, Rovaris M, Vaghi M, Nemni R, et al. A novel data mining system points 
out hidden relationships between immunological markers in multiple sclerosis. Immun Ageing. 
2013; 10: 1. 
48.Howlin P, Moss P, Savage S, Rutter M. Social outcomes in mid- to later adulthood among 
individuals diagnosed with autism and average nonverbal IQ as children. J Am Acad Child Adolesc 
Psychiatry. 2013; 52(6):572-81. Epub 2013 Apr 24. 
49.Trembath D, Balandin S, Togher L, Stancliffe RJ. Peer-mediated teaching and augmentative and 
alternative communication for preschool-aged children with autism. J Intellect Dev Disabil. 2009; 
34(2):173-86.  
50.Vismara LA, Colombi C, Rogers SJ. Can one hour per week of therapy lead to lasting changes in 
young children with autism? Autism. 2009; 13(1):93-115.  
51.Anderson SR, Romanczyk RG. Early Intervention for Young Children with Autism: Continuum-
Based Behavioral Models. Journal of The Association for Persons with Severe Handicaps. 1999; 
24: 162–73. 
52.Dawson G, Osterling J (1997) Early intervention in autism: Effectiveness and common elements 
of current approaches. In: Guralnick editor. The effectiveness of early intervention: Second 
generation research. Baltimore: Brookes. pp. 307-326. 
53.Green G (1996) Evaluating claims about treatments for autism. In: Maurice C, Green G, Luce 
SC editor. Behavioral intervention for young children with autism. A manual for parents and 
professionals. Autism, TX: PRO-ED. pp. 15-27. 
54.Sallows GO, & Graupner TD. Intensive behavioral treatment for children with autism: Four-year 
outcome and predictors. American Journal on Mental Retardation. 2005; 110, 417–438.  
55.Strauss K, Mancini F; SPC Group, Fava L. Parent inclusion in early intensive behavior 
interventions for young children with ASD: a synthesis of meta-analyses from 2009 to 2011. Res 
Dev Disabil. 2013 Sep;34(9):2967-85. 
56.Berkowitz PB, Graziano AM. Training parents as behaviour therapist: A review. Behavior 
Research and Therapy. 1972; 10: 297-317. 
57.Vismara LA, Rogers SJ. Behavioral treatments in autism spectrum disorder: what do we know? 
Annu Rev Clin Psychol.2010; 6:447-68.  
58.Reichow B, Servili C, Yasamy MT, Barbui C, Saxena S. Non-specialist psychosocial 
interventions for children and adolescents with intellectual disability or lower-functioning autism 
spectrum disorders: a systematic review. PLoS Med. 2013; 10(12):e1001572. Epub 2013 Dec 17. 
59.Oono IP, Honey EJ, McConachie H. Parent-mediated early intervention for young children with 
autism spectrum disorders (ASD). Cochrane Database Syst Rev. 2013; 30;4:CD009774.  
60.Fenske EC, Zalenski S, Krantz PJ, McClannahan LE. Age at intervention and treatment outcome 
for autistic children in a comprehensive intervention program. Analysis and Intervention for 
Developmental Disabilities. 1985; 5, 49–58. 
61.Anderson SR, Campbell S, Cannon BO (1994) The may center for early childhood education. In: 
Harris SL, Handleman JS, editors. Preschool education programs for children with autism. Austin 
TX: Pro-ed. pp. 15–36. 
62.Birnbrauer JS, Leach DJ. The Murdoch early intervention program after 2 years. Behaviour 
Change. 1993; 10: 63–74. 
63.Lovaas OI. Behavioral treatment and normal educational and intellectual functioning in young 
autistic children. Journal of Consulting and Clinical Psychology. 1987; 55: 3–9. 
64.Sheinkopf SJ, Siegel B. Home based behavioral treatment of young autistic children. Journal of 
Autism and Developmental Disorders. 1998; 28 (1): 15-23. 
65.Harris SL, Handleman JS. Age and IQ at intake as predictors of placement for young children 
with autism: a four- to six-year follow-up. J Autism Dev Disord. 2000; 30(2):137-42. 
66.Ventola PE, Oosting D, Anderson LC, Pelphrey KA. Brain mechanisms of plasticity in response 
to treatments for core deficits in autism. Prog Brain Res. 2013;207:255-72. 
67.Rogers SJ. Empirically supported comprehensive treatments for young children with autism. J 
Clin Child Psychol. 1998; 27(2):168-79. 
68.Schalock RL, Borthwick-Duffy SA, Bradley VJ, Buntinx WHE, Coulter DL, et al. (2010) 
Intellectual disability: Definition, classification, and systems of supports. Washington DC: 
American Association on Intellectual and Developmental Disorders. 
69.Vivanti G, Barbaro J, Hudry K, Dissanayake C, Prior M. Intellectual development in autism 
spectrum disorders: new insights from longitudinal studies. Front Hum Neurosci. 2013; 5 (7):354.  
70.Gabriels RL, Hill DE, Pierce RA, Rogers SJ, Wehner B. Predictors of treatment outcome in 
young children with autism: a retrospective study. Autism. 2001; 5(4):407-29. 
71.Sheinkopf SJ, Siegel B. Home-based behavioral treatment of young children with autism. J 
Autism Dev Disord. 1998; 28(1):15-23. 
72.Estes A, Olson E, Sullivan K, Greenson J, Winter J, et al. Parenting-related stress and 
psychological distress in mothers of toddlers with autism spectrum disorders. Brain Dev. 2013; 
35(2):133-8. 
73.Bebko JM, Konstantareas MM, Springer J. Parent and professional evaluations of family stress 
associated with characteristics of autism. J Autism Dev Disord. 1987; 17(4):565-76. 
74.Koegel RL, Koegel LK, Surratt AV. Language Intervention and Disruptive Behavior in 
Preschool Children with Autism. Journal of Autism and Developmental Disorders. 1992; 22: 141–
53. 
75.Herring S, Gray K, Taffe J, Tonge B, Sweeney D, Einfeld S. Behaviour and emotional problems 
in toddlers with pervasive developmental disorders and developmental delay: associations with 
parental mental health and family functioning. J Intellect Disabil Res. 2006; 50: 874-82. 
76.Davis NO, Carter AS. Parenting stress in mothers and fathers of toddlers with autism spectrum 
disorders: associations with child characteristics. J Autism Dev Disord. 2008; 38 (7):1278-91. 
77.Wing L. The autistic spectrum. Lancet. 1997; 350: 1761-1767. 
78.Kohane IS, McMurry A, Weber G, MacFadden D, Rappaport L, et al. The co-morbidity burden 
of children and young adults with autism spectrum disorders. PLoS One. 2012; 7(4):e33224. Epub 
2012 Apr 12. 
79.Munshi KR, Gonzalez-Heydrich J, Augenstein T, D'Angelo EJ. Evidence-based treatment 
approach to autism spectrum disorders. Pediatr Ann. 2011; 40 (11): 569-74.  
80.Nielsen S, Nielsen TD. Adapting Bayes network structures to non-stationary domains. 
International Journal of Approximate Reasoning. 2008; 49:379–397. 
81.Friedman N, Geiger D, Goldszmidt M. Bayesian Network Classifiers. Machine Learning. 1997; 
29:131–163.  
82.Zang H. The optimality naive Bayes. Am Assoc Artif Intell. 2004 www.aaai.org 
83.John GH, Langley P. Estimating continuous distributions in Bayesian classifiers. In:Proceedings 
of the eleventh conference on uncertainty in artificial intelligence. Morgan Kaufmann Publishers, 
San Mateo, 2005. 
84.Rish I. An empirical study of the naïve Bayes classifier. In: IBM research report, RC 22230, 
(W0111-014), New York, 2001. 
85.Cessie S, van Houwelingen JC. Ridge estimators in logistic regression. Applied Statistics. 1992; 
41: 191-201. 
86.Hosmer DW, Leneshow S. Applied Logistic Regression (2nd ed.), Wiley, New York (NY, 
USA), 2000. 
87.Rumelhart DE. Hinton GE, Williams RJ. Learning internal representations by error propagation. 
In D. E. Rumelhart & J. L. McClelland (Eds.): vol. 1, Parallel Distributed Processing, 318-362, 
Boston: The MIT Press, 1986. 
88.Platt J. Fast training of Support Vector machines using Sequential Minimal Optimization, In B. 
Schoelkopf, C.J.C. Burges, and  A.J. Smola (Eds.), Advances in Kernel Methods - Support Vector 
Learning, MIT Press, Cambridge (MA, USA), 1998. 
89.Keerthi SS, Shevade SK, Bhattacharyya C, Murthy K. Imrovements to Platt's SMO algorithm for 
SVM classifier design. Neural Computation. 2001; 13:637-649. 
90.Keerthi SS, Gilbert EG. Convergence of a generalized SMO algorithm for SVM classifier 
design. Machine Learning. 2002; 46: 351-360. 
91.Kecman, V. Learning and Soft Computing - Support Vector Machines, Neural Networks, Fuzzy 
Logic Systems. Cambridge, MA: The MIT Press, 2001. 
92.Quinlan JR. C4.5: Programs for Machine Learning, San Mateo: Morgan Kaufman, 2004. 
93.Breiman L. Random Forest. Machine Learning. 2001; 45: 5-32 
94.Rodriguez JJ, Ludmila I, Kuncheva C. Rotation Forest: A new classifier ensemble method. IEEE 
Transactions on Pattern Analysis and Machine Intelligence. 2006; 28(10):1619-1630. 
95.Buscema M. Back Propagation Neural Networks. Substance Use & Misuse. 1998; 33(2): 233–
270. 
96.Buscema M, Terzi S, Breda M. Using Sinusoidal Modulated Weights Improve Feed-Forward 
Neural Network Performances in Classification and Functional Approximation Problems. WSEAS 
Transactions on Information Science & Applications. 2006; 5 (3): 885-893. 
97.Buscema M. Sine Net: an artificial neural network. Applicant Semeion Research Centre. 
Inventor M. Buscema, European Patent (Application n. 03425582.8 deposited 09-09-2003). USA 
Patent No US 7,788,196 B2  - Aug. 31, 2010. International Patent: Application PCT/EP2004/05189 
deposited 08-28-2004 
98.Buscema M, Terzi S, Breda M. A feed Forward sine based neural network for functional 
approximation of a waste incinerator emissions, Proceedings of the 8th WSEAS Int. Conference on 
Automatic Control,  Modeling and Simulation , Praga, March 12 th -14 th, 2006. 
99.Aha D, Kibler D. Instance-based learning algorithms. Machine Learning.1991; 6:37-66. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ICT solutions and Autism Spectrum Disorder 
a) an overview 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 6 
 
Interactive technologies for autistic children: an overview 
 
Sofiane Boucenna
1
, Antonio Narzisi
2
, Elodie Tilmont
1,3
, Filippo Muratori
2
, Giovanni Pioggia
4
, 
David Cohen
1,3
, Mohamed Chetouani
1
 and MICHELANGELO Study Group 
 
1
 Institut des Systèmes Intelligents et de Robotique, CNRS UMR 7222, Université Pierre et Marie 
Curie, Paris, France. 
2
 Division of Child Neurology and Psychiatry, University of Pisa, Stella Maris Scientific Institute, 
Calambrone, Italy. 
3
 Department of Child and Adolescent Psychiatry, AP-HP, Groupe Hospitalier Pitié-Salpêtrière, 
Université Pierre et Marie Curie, Paris, France. 
4
 CNR Italy 
 
 
(Pubblished on Cognitive Computation 05/2014; 6(4)) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Abstract 
During the last years, there was considerable advance in the research on innovative information 
computer technologies (ICT) for the education of people with autism. The current review tackles 
two aims: (1) give an overview of ICT recent applications to be used in the treatment of autism; (2) 
have a focus on early development of imitation and joint attention in the context of children with 
autism and robotics. ICT recent applications in autism have been various and include the use of 
interactive environments implemented both in computers and special input devices, virtual 
environments, avatars and serious games, as well as tele-rehabilitation. Despite exiting preliminary 
results, the use of ICT remains limited. Practically, many of the existing ICT have limited 
capabilities and performance in real interactive condition. Clinically, most of ICT proposals have 
not been validated outside the context of proof of concept studies. Robotics systems, developed as 
interactive devices for children with autism have been used to assess the child’s response to robot 
behaviours, to elicit behaviours to be promoted in the child, to model, teach and practice a skill, and 
to provide feed-back on performance in specific environments (e.g. therapeutic session). Based on 
their importance for both early development and building autonomous robots that have human-like 
abilities, it appears that imitation, joint attention and interactive engagement are key issues in the 
development of assistive robotics for autism, and should be the focus of further research. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction 
Multimodal social-emotional interactions play a critical role in child development, and this role is 
emphasized in autism spectrum disorders (ASD). In typically developing children, the ability to 
correctly identify, interpret and produce social behaviors (Figure 1) is a key aspect for 
communication and is the basis of social cognition (Carpendale and Lewis, 2006). This process 
helps children to understand that other people have intentions, thoughts, and emotions, and act as 
triggers of empathy (Decety and Jackson, 2004; Narzisi et al., 2012). Social cognition includes the 
child’s ability to spontaneously and correctly interpret verbal and nonverbal social and emotional 
cues (e.g., speech, facial and vocal expressions, posture and body movements, etc.); the ability to 
produce social and emotional informations (e.g. initiating social contact or conversation); the ability 
to continuously adjust and synchronize behavior to others (i.e., parent, caregivers, peers); and the 
ability to make an adequate attribution about other's mental state (i.e., “theory of mind”). 
ASDs are a group of behaviorally defined disorders with abnormalities or impaired development in 
two areas: (1) persistent deficits in social communication & social interaction and (2) restricted, 
repetitive patterns of behaviour, interests, or activities (www.dsm5.org). 
Autistic persons realize both world and human behaviour uniquely since they react in an abnormal 
way to input stimuli while there is problematic human engagement and inability in the 
environmental generalization (Rajendran et al., 2000). Although ASD remains a devastating 
disorder with poor outcome in adult life, there has been important improvement of the condition 
with the development of various therapeutic approaches (Cohen, 2012). 
Successful autism “treatments” using educational interventions have been reported even a decade 
ago (Murray et al., 1997). Since then, the literature devoted to the description and evaluation of 
interventions in ASD has become quite large in last years. From this literature, some conclusions 
can be drawn (Narzisi et al., submitted). First, there is increasing convergence between behavioral 
and developmental methods (Ospina et al., 2008). For both types of treatment the focus of early 
intervention is directed toward the development of skills considered "pivotal" as joint attention and 
imitation, as early as the first year, as well as communication, symbolic play, cognitive abilities, 
attention, sharing emotion and regulation. Second, the literature shows some guidelines for 
treatments such as: 1) starting as early as possible; 2) minimizing the gap between diagnosis and 
treatment; 3) provide not less than 3/4 hours of treatment each day; 4) being centered on family 
involvement; 5) providing six-monthly development evaluations and updating the goals of 
treatment; 6) choosing among behavioural/developmental treatment depending on the child's 
response; 7) encouraging spontaneous communication; 8) promoting the skills through play with 
peers; 9) being finalized to the acquisition of new skills and to their generalization and maintenance 
in natural contexts; 10) supporting positive behaviors rather than tackling  challenging behaviors. 
Towards this direction, computer tools and ICT may be a beneficial aiding instrument. During the 
last years there is considerable advance in the research on innovative information computer 
technologies (ICT) for the education of people with special needs such as patients suffering from 
ASD (Konstantinidis et al., 2009). Education is considered as the most effective therapeutic strategy 
(Mitchell et al., 2006). More specifically, early stage education has proven helpful in coping with 
difficulties in understanding the mental state of other people (Howlin et al., 1999). As we will see, 
recent years have witnessed ICT-based approaches and methods for therapy and education of 
children with ASD. Individuals with autism have lately been included as a main focus in the area of 
Affective Computing (AC) or “computing that relates to, arises from, or deliberately influences 
emotions” (Kaliouby et al., 2006) and Social Signal Processing (Chaby et al., 2012).  
In this review, we tackle two aims: (1) give an overview of ICT recent applications to be used in the 
treatment of ASD; (2) have a focus on early development of imitation and joint attention in the 
context of children with ASD and robotics. In the first part of this review, we describe the state-of-
the-art of ICT used in the treatment of ASD in order to show that the applications and the 
treatments are very different. However, there are some limitations. In the second part of this review, 
we want to discuss about imitation and joint attention from a multidisciplinary view point in order 
to investigate the contribution of the robotics to children with ASD. These two abilities are 
important during the development of the child and, also, to perform autonomous robots. After 
defining these cognitive capabilities, we describe the state-of-the-art solutions proposed in social 
robotics dealing with imitation and joint attention. Finally, we propose to focus on the contributions 
of robotics to children with ASD and how to evaluate these architectures. 
 
ICT and Autism: An overview 
Interactive Environments  
During the last years the field of collaborative interactive environments, such as virtual 
environments (VE), is of seminal relevance. Their advances are the control of the input stimuli and 
the monitoring of the child’s behaviour. A recent effort led to the development of interactive 
computer games aiming at the enhancement of the collaboration between multiple users like 
children with ASD. Moreover, the human-computer interaction (HCI) is regarded as a “safe” and 
enjoyable experience. This can be explained by the fact that the interaction with computers does not 
pose severe expectations and judgment issues in contrast to the social interaction. So, computer 
systems tend to be a controlled environment with minimal distractions and therefore an attractive 
one for the education of autistic children (Green et al., 1993). This is further supported by several 
reports which mention that this type of interaction elicits positive feelings, whereas the 
communication with human could be highly problematic (Hutinger et al., 1997). Moreover, this 
feeling is a generic and uncorrelated with the type of the software interfaces. Furthermore, tutors 
often report that behavioral alterations during the educational process are a common phenomenon 
among autistic persons (Jordan et al., 2001). The person state may be described by specific 
educational parameters such as the time and the processes needed to complete a goal and the 
percentage of success. Moreover, the behavior monitoring during a period of time may reveal 
important factors for the children’s progress. A large portion of the traditional educational tools 
employs real world environments, hardening the task of autistic children (Frith et al., 1991), since it 
requires rapid and flexible thinking. Moreover, real world environments cannot be fully controlled 
because of the lack to provide the same set of conditions more than one times.  
As reported by McCue and colleagues (in press) various interactive environments have been 
developed for the rehabilitation of children with autism. In most of the cases, these environments 
are introduced by means of software educating platforms (Luneski et al., 2008; Marnik et al., 2008). 
In order to provide knowledge in an attractive way, these platforms use entertaining content in 
educational settings (edutainment). Photos of real objects (used in daily life) or sketches of them are 
presented on the monitor of a computer so as to encourage people with autism to distinguish objects 
based on their size, color, type, etc. Moreover, this kind of interactive learning platforms motivate 
the children to correlate the objects with sounds and words. For adding to the attractiveness, 
platforms make use of animated pictures or videos. The comprehension of the task is supported by 
verbal and visual (usually makaton symbols) guidance in order to minimize the role of the 
monitoring teacher (Lányi  et al., 2004). 
 
The use of computer with individuals with ASD 
Most computer applications designed for people with autism focus on the relationship between one 
user and one computer, and aim to help with specific behavioural problems associated with autism 
(Cheng 2011). Hileman (1996) claims that computers are motivating to children with autism due to 
their predictability and consistency, compared to the unpredictable nature of human responses. 
When it comes to social interaction, the computer does not send confusing social messages. 
Research on the use of computers with students with autism revealed the following (Jordan, 1995): 
(a) Increase of the focused attention; (b) Increase of the overall attention span; (c) Increase of the 
sitting behaviour; (d) Increase of the fine motor skills; (e) Increase of the generalization skills (from 
computer to related non-computer activities); (f) Decrease of the agitation; (g) Decrease of the self-
stimulatory behaviours; (h) Decrease of the perseverative responses. The importance of assistive 
technology for children with autism has been established with the fact that it can be used in 
rehabilitation to the daily activities. Hetzroni and Tannous (Hetzroni et al., 2011) have developed a 
program (“I Can Word It Too”) based on daily life activities in the areas of play, food and hygiene. 
The study was conducted on five children with autism between the ages of 7 and 12 and the focus 
was on effects of using the program on the use of functional communication. They found that use of 
the program was effective in improving the communication of all participants, and that the 
participants were able to transfer the lessons learned to their natural setting in the classroom. A 
DVD with educational software for emotions, called the Transporters, has been created at Autism 
Research Centre (ARC), which is one of the most extensively used commercial applications for this 
purpose (http://www.thetransporters.com/, March, 2009).  The Transporters, based around 8 
characters who are vehicles that move according to rule-based motion. Such vehicles, became of 
their mechanical nature, attract the attention of young children with autism. Onto these vehicles 
have been grafted real-life faces of actors showing emotion, and contextualized them in entertaining 
social interactions between the toy vehicles. The aim of the Transporters is whether creating an 
autism-friendly context of predictable mechanical motion could then be learned more easily than is 
possible in the real world. The Transporters has been evaluated for its effectiveness for children 
aged 4 to 8 with Autism. The results are very exciting: (a) in all tasks on which the children were 
tested, most caught up their typically developing peers; (b) the results suggest that the Transporters 
DVD is an effective way to teach emotion recognition to children with autism and that the learning 
generalises to new faces and new situations. Children with autism who did not watch the DVD 
remained below typically developing levels (Golan et al., 2009).  
 
Special Input Devices: touch screens and other Apple technologies  
While people with ASDs enjoy interacting with computers, recent ICT developments allow more 
attractive forms of input to be used. In contrast to what as been described in the previous paragraph, 
most of the recent research projects use as input feedback a touch screen instead of the common 
mouse device (Konstantinidis et al., 2008). A multi-user touchable interface that detects multiple 
simultaneous touches by two to four users was used by Gal and colleagues (2005). Each user sits or 
stands on a receiver (a thin pad) such that touching the table surface activates an array of antennas 
embedded in its surface (capacitive touch detection). The function of this screen was very easy to be 
used by people with ASDs and big coloured buttons subserve user selection. Moreover, studies in 
using virtual reality for the rehabilitation of people with ASDs include visual devices that represent 
the 3D virtual world (Strickland et al., 1996). Alternative interaction methods include remote 
controllers like the Wii-mote (part of a commercial game console) like in Gonzalez’s work (2007). 
This device is capable of monitoring not only remote buttons’ selection but also movements (based 
on internal accelerometer). Furthermore, external devices are used in order to measure and monitor 
user’s internal and emotional state, such as wearable measurement devices (Konstantinidis et al., 
2008). In (Takacs, 2005), web camera, eye tracker and data glove is used for this purpose. Besides 
that, scientists try to provide more attractive virtual worlds by using video projectors and depicting 
the educational material in a wall of a room (Horace et al., 2006). As it is mentioned, TEACCH 
principles involve changing the behaviour and skill level of the person based on his personal unique 
needs. In order for a platform to achieve this goal it has to be capable of recording the user’s 
interaction/education process. By using all the records in the proper way, a longitudinal record may 
be achieved indicating “a learning curve” for each autistic person separately, thereby enhancing and 
normalising the educational procedures toward each person’s needs. Consequently, the educators 
are enabled with track record of the users’ progress and modify the difficulty levels accordingly. 
Recently also several Apple devices have used with ASD patients. Kagohara (2013) conducted a 
systematic review of studies that involved iPods, iPads, and related devices (i.e. iPhones) in 
teaching programs for individuals with developmental disabilities. The search yielded 15 studies 
covering five domains: (a) academic, (b) communication, (c) employment, (d) leisure, and (e) 
transitioning across school settings. The 15 studies reported outcomes for 47 participants, who 
ranged from toddlers to adults and had a diagnosis of ASD and/or intellectual disability. Most 
studies involved the use of iPods or iPads and aimed to either (a) deliver instructional prompts via 
the iPod Touch or iPad, or (b) teach the person to operate an iPod Touch or iPad to access preferred 
stimuli. The latter also included operating an iPod Touch or an iPad as a speech-generating device 
(SGD) to request preferred stimuli. The results of these 15 studies were largely positive, suggesting 
that iPods, iPod Touch, iPads, and related devices are viable technological aids for individuals with 
developmental disabilities. Jowett and colleagues (2012) evaluated the effectiveness of a video 
modelling package to teach a 5 year-old boy diagnosed with an autism spectrum disorder (ASD) 
basic numeracy skills. The treatment package consisted of iPad-based video modelling, gradual 
fading of video prompts, reinforcement, in vivo prompting and forward chaining. They showed 
clear gains in the participant's ability to identify and write the Arabic numerals 1-7 and comprehend 
the quantity each numeral represents in association with the lagged intervention. Generalization and 
maintenance data demonstrated the robustness of the treatment effects. This study confirmed that 
iPad-based video modelling, when used in a package, can be an effective technique for teaching 
numeracy skills to children with an ASD. Flores and colleagues (2012) showed that augmentative 
and alternative communication (AAC) interventions improve both communication and social skills 
in children and youth with autism spectrum disorders and other developmental disabilities. AAC 
applications have become available for personal devices such as cell phones, MP3 Players, and 
personal computer tablets. It is critical that these new forms of AAC are explored and evaluated. 
The authors investigated the utility of the Apple iPad as a communication device by comparing its 
use to a communication system using picture cards. Five school children (6-10 years old) with 
autism spectrum disorders and developmental disabilities who used a picture card system 
participated in the study. The results were mixed in fact communication behaviours either increased 
when using the iPad or remained the same as when using picture cards.  
Recently, Murdock and colleagues (2013), used an iPad play story in order to increase the pretend 
play skills in 4 preschoolers with ASD. The story utilized a series of video clips depicting toy 
figures producing scripted character dialogue, engaged in a pretend play vignette. Three of the 
participants demonstrated increases in the target behavior (it was the play dialogue) and the effects 
were largely maintained during generalization opportunities with peers and during a 3-week follow-
up condition. 
 
Virtual environments 
Virtual enviroments (VEs) have proven to be another active area of research for social interventions 
with autistic children (Bellani et al., 2011). Various successful software platforms with virtual 
environment for autistic people have been developed since the last decade (Enyon, 1997; Eddon et 
al., 1992). VEs are able to mimic specific social situations in which the user can participate to a 
role-play. The stable and predictable environment provides such types of interaction that eliminate 
the anxiety (Parsons et al., 2000). Moreover, VEs offer safe, realistic-looking 3-D scenarios that can 
be built to depict everyday social scenarios. The value of virtual reality comes from the fact that 
children with autism may have difficulty understanding 2D visual representations, so they require 
the actual object or a stronger representation like a 3D animated humanoid avatar. The use of 
animation is also in line with research indicating that children with learning disabilities prefer 
programs which include animation, sound and voice (Trepagnier et al., ). Recent work have 
demonstrated the ability of participants with ASDs to use and to interpret VEs successfully, and to 
learn simple social skills using the technology (Strickland et al., 1996; Parsons et al., 2002; 2006). 
Additionally, one of the most important aspects of VEs used by participants with ASDs in 
educational settings, is their level of enjoyment. It has been realized that persons with ASDs, 
especially children, are more interested in interacting with computers more than other toys 
(Konstantinidis et al., 2009). Moreover, virtual peers (Tartaro et al., 2007) are life-sized, language 
enabled, computer-generated, animated characters that look like a child, and, are capable of 
interacting, sharing real toys and responding to children’s input. For example, a virtual peer 
accompanies a child with ASDs during a game or a storing telling scenario. Some researchers have 
developed interesting research contributions, using storing telling scenario. For example, Mitchell 
et al. (2007) developed and tested a virtual cafè for children with autism to address impairments in 
social interaction. The participants were required to perform specific tasks in the virtual cafè, such 
as ordering and paying for a drink, and finding a place to sit. Again, navigation was achieved 
through a mouse. A Virtual Reality social-understanding training program was administered to 6 
adolescents, 14–16 years old, each with formal diagnoses of an autism spectrum disorder. During 
the training sessions, 4 types of activities were taught and practiced. These activities were graded in 
difficulty and created based on certain social conventions associated with finding a seat in an empty 
or crowded café, ordering, paying and engaging in appropriate conversation with others. The social 
understanding of these adolescents was assessed using ratings of their verbal descriptions of their 
decision-making process of how they would behave in two different social scenarios: a café and a 
bus. The former was similar to situations encountered in the virtual café, while the latter assessed 
the generalizability of the participants’ learned social understanding. The results were variable and 
only 2 participants showed gains in social knowledge in both scenarios. Actual performance in real 
situations was not assessed. As real-café interactions usually require touching objects, such as 
money or coffee mugs, the integration of more complex haptics into this type of program may 
facilitate more realistic interaction between the user and VE. Increased realism would influence the 
degree of ecological validity achieved and subsequent degree of skill transfer. Increasing in 
complexity, touch-screen technology has facilitated human-computer interaction without the 
traditional mouse and joystick. Herrera et al. (2008) created a virtual supermarket on a flat screen 
monitor to teach 2 children, 8 and 15 years old, how to think abstractly and play imaginatively. The 
children explored the virtual supermarket through touching the screen. They interacted with objects 
in increasing more imaginative ways, such as transforming a pair of flying pants into a highway. 
The authors assessed the outcomes using a test of functional object use (i.e. how an object should be 
used), the Symbolic Play Test (SPT) (1976), the Test of Pretend Play (ToPP) (1997) and the 
Imagination and Magic Understanding Tests. Children improved on all tests except on the SPT. The 
authors concluded that their virtual reality (VR) tool is useful in improving the symbolic thinking 
skills of these children, and that these skills translate into concrete symbolic play behaviours. The 
touch-screen facilitated easy interaction between the children and the display interface, and allowed 
the instructor to participate as well. This multidimensional interaction is naturally afforded by 
touch-screen technology; it allows interaction between child and computer, instructor and computer, 
and instructor and child. Diamond Touch (Circle Twelve Inc., Framingham, Mass., USA), a state-
of-the-art multi-user and multi-touch display table, allows many people to interact with objects on 
the table-top display screen simultaneously through touch. Similar to the touch-screen in Herrera et 
al. (2008), the Diamond Touch table immerses users in an imaginative scene where their actions 
and decisions have real time consequences within the virtual world. Diamond-Touch technology 
was integrated with the Story Table interface to allow multiple children to create an imaginative 
story together by selecting, combining and sequencing a series of on-screen virtual characters and 
events. Some story elements required 2 children to touch it before being integrated into the story, 
reinforcing joint attention, communication and negotiation. Bauminger et al. (2007) evaluated this 
system with 3 dyads of children with autism, ages 9–11 years, to teach and reinforce key social 
skills such as eye contact, turn-taking, sharing and joint directed behaviour. During the intervention, 
the dyads were instructed to create and narrate stories using backgrounds and characters that were 
jointly chosen. The instruction was focused on three goals: performing shared activities, helping 
and encouraging each other, and persuading and negotiating when creating the stories. Ratings of 
social behaviours from videos of the Story Table sessions were completed; in addition, the authors 
assessed the generalizability of the children’s social skills through a Lego-like assembly game, 
Marble Works. After the training sessions, the children were all rated as having more occurrences 
of positive social behaviours during Story Table and more positive behaviours during Marble 
Works. In addition to the improvements in positive social behaviours, the quality of play of the 
dyads improved from simple parallel play without eye contact to complex, coordinated play. The 
authors concluded that the Story Table intervention increased both the quantity and the quality of 
social interaction between the dyads. Both Herrera  (2008) and Bauminger (2007) provide evidence 
that touchscreen technology shows great promise in promoting creative and imaginary play between 
multiple users. Wang (2011) hightlights that future studies should consider using typical peers as 
participants with this multiuser technology, rather than atypical peers. In fact, research has shown 
that same-aged, typical peers serve as effective role models for children with autism to reinforce 
pro-social and age-appropriate behaviours (Di Salvo et al., 2002). It is important to note that 
although devices such as the mouse, joystick and touch-screen cannot simulate real-life haptic 
interactions, such as feeling the texture of a surface, incorporating the sense of touch adds yet 
another layer of interaction within the program. Participating in real-time cause-and-effect 
behaviours may contribute to the overall sense of presence and motivation of the child during the 
intervention program. 
 
 
 
Avatars for autism and serious games 
Playing in most cases essential role as instructor, emotionally expressive avatars are one of the most 
interesting options of such an educating system. Current literature reveals that avatars, being 
humanoid or not, advance the educational process (Konstantinidis et al., 2009) and improve the 
social skills (Hopkins et al., 2011). Additionally, educators suggest that most of the times persons 
with ASDs are able to recognize the avatar’s mental and emotional state provided by facial 
expressions (Orvalho et al., 2009; Konstantinidis et al., 2009). Avatars, as inhabitants of the virtual 
space, can enhance the interaction level in VE. Their behavioral capabilities are envisaged with 
emotional and facial expressions (Fabri et al., 2006). The use of emotional expressive avatar is of 
crucial importance in the educational process, since their ability to show emotions and empathy 
enhances the quality of tutor-learner and learner-learner interaction (Fabri et al., 2007). Therefore, 
emotion-aware computers are regarded as a considerable and valuable educational technique 
(Rajendran et al., 2000). A significant effort has been done in using emotionally avatars due to the 
findings in psychology and neurology that suggests emotions as important factor in decision-
making, problem solving, and cognition in general. Results of surveys among educators of autistic 
children in recent literature illustrate that not only most of the children recognize the avatars 
emotion but also the avatar’s emotional state advances the educational process (Konstantinidis et 
al., 2009). Moreover, the findings are better in case of the avatar using native voice (Konstantinidis 
et al., 2009). Apart from the instructor form, the avatar is responsible for providing feedback to the 
user’s action by means of the appropriate emotion (happy for success and sad for failure). Training 
studies in (Rosset et al., 2008) have suggested that children with autism show greater improvements 
in emotion recognition when programs include cartoons rather than photographs of real faces 
(Bekele et al., 2013). Moreover clinical and parental reports also state that autistic children spend 
long periods of time looking at cartoons (Rosset et al., 2008). Additionally, parents and 
professionals often report that “autistic children know more about cartoons than about people” 
(Rosset et al., 2008). 
Recently, Serret et al (2012) developed a serious game, “Jestimule”, to improve social cognition in 
ASD. They tried to compute the serious game taking into account heterogeneity of ASD. Besides 
the architecture of the serious game, ICT were also used to facilitate the use of the game by young 
children or by children with developmental delay (e.g. haptic joystick for feed-back). They also 
evaluated the serious game, for its effectiveness in teaching ASD individuals to recognize facial 
emotions, emotional gestures and emotional situations (figure 2). First, they showed that in a group 
of 40 individuals (aged from 6 to 18) who used the serious game at the hospital twice a week one 
hour for four weeks exploration, could play and understand the serious game even when they had 
comorbid intellectual disability. They also showed that participants improved recognition of facial 
emotions, emotional gestures and emotional situations in different tasks. These preliminary results 
have clear education and therapeutic implications for serious games in ASD and should be taken 
into account in future trainings. 
 
Tele-rehabilitation for Autism 
Telerehabilitation is an emerging method of delivering rehabilitation services that uses technology 
to serve clients, clinicians, and systems by minimizing the barriers of distance, time, and cost. More 
specifically, telerehabilitation can be defined as the application of telecommunication, remote 
sensing and operation technologies, and computing technologies to assist with the provision of 
medical rehabilitation services at a distance. Much attention has been paid to the efficacy of 
telerehabilitation in efforts to decrease time and cost in the delivery of rehabilitation services. Some 
studies have also compared telerehabilitation services to face-to-face interventions to discover 
whether these approaches are ‘‘as good as’’ traditional rehabilitation approaches. However, 
telerehabilitation may in fact provide new opportunities that are more effective by increasing 
accessibility and creating the least restrictive environment. Technologies that enable 
telerehabilitation services, such as increased computer power and availability of high-speed data 
transmission lines, have become more prominent in recent years (Diamond et al., 2008). Winters 
provides a comprehensive review of the conceptual models of telerehabilitation (Winters et al., 
2002). Diamond (2008) explains that telerehabilitation falls under a broader category of services 
that use telecommunication to provide health information and care across distance, termed 
telehealth. Telehealth is broken into 3 subcategories: telemedicine, telehealthcare, and e-
health/education. Much of the research literature on telerehabilitation has focused on outcomes 
measures on decreasing costs, saving travel time, and improving access to specialty services and 
expert practitioners (Bashshur et al., 2002). The rationale proposed to support the exploration and 
implementation of telerehabilitation has been essentially based on the use of various technologies to 
address geographic and economic barriers, and potentially enhance cost effectiveness. There is also 
significant impetus to support the value of medical rehabilitation services delivered in the home. 
Although much of this literature seems to be motivated by providing a rationale for expeditious 
discharge from the inpatient setting for cost-saving purposes, the research supports that the delivery 
of some home-based rehabilitation services is at least as effective as the delivery of those services 
in hospitals, and in some cases adds contextual factors that enhance rehabilitation and outcomes. 
These findings support the development and implementation of telerehabilitation approaches to 
facilitate naturalistic rehabilitation treatment in the home. Intervention in the home or work 
environment has been provided remotely for numerous needs, including cognitive rehabilitation 
using the Internet constraint induced movement therapy using a computer and sensors to guide the 
patient through exercises (Lum et al., 2006) and speech pathology for children with autism 
(Parmanto et al., 2005). An interesting research contribute about the use of telerehabilitation used 
for intervention with children with Autism comes to us from University of California, in fact from 
2010, some researchers at the UC Davis MIND Institute  are examining technology tools that will 
enable families to interact from their own homes with therapists and receive "long distance" 
guidance for intervention with their children (Vismara et al., 2010). At present, there are various 
challenges to delivering health care to families with Autism Spectrum Disorder (ASD) with long 
waiting lists and few specialist services. Barriers to service delivery and utilization are even more 
exacerbated for families living in rural or remote areas, often resulting in limited access to 
preventative mental health services in general and parenting ASD interventions in particular. 
Telecommunication technology can support long-distance clinical health care; however there is 
little information as to how this resource may translate into practice for families with ASD. The 
Vismara’s study examined the use of telemedicine technology to deliver a manualized, parent-
implemented intervention for families of children with ASD, ages 12-36 months. It was 
hypothesized that telemedicine technology as a teaching modality would optimize parenting 
intervention strategies for supporting children’s social, affective, communicative, and play 
development. Recruited families received 12 weekly one hour sessions of direct coaching and 
instruction of the Early Start Denver Model (ESDM). Parent Delivery Model through an Internet-
based video conferencing program. Each week parents were coached on a specific aspect of the 
intervention through video conferencing program and webcam, allowing parent and therapist to see, 
hear, and communicate with one another. Parents were taught how to integrate the ESDM into 
natural, developmentally and ageappropriate play activities and caretaking routines in their homes. 
Video data were recorded from 10 minutes of parent-child interaction at the start of each session 
and coded by two independent raters blind to the order of sessions and hypotheses of the study. 
Preliminary findings of this study suggested that integrating telemedicine as a teaching modality 
enabled: (a) parents to implement the ESDM more skilfully after coaching; and (b) increase in 
children’s number of spontaneous words, gestures, and imitative behaviors used. The current 
findings support the efficacy and cost-effectiveness of using telemedicine to transfer a 
developmentally based, relationship focused, and behaviorally informed intervention (i.e., the 
ESDM) into parents’ homes to be delivered within typical parent-child activities. Additional 
research is needed to confirm the promise and utility of telemedicine for transporting services to 
families with limited access. 
Summary 
As we have seen, recent years have witnessed ICT-based approaches and methods for therapy and 
education of autistic children. Individuals with autism have lately been included in the main focus 
in the area of Affective Computing (AC) or “computing that relates to, arises from, or deliberately 
influences emotions” (Kaliouby et al., 2006). Technologies, algorithms, interfaces and sensors that 
can sense emotions or express them and thereby influence users’ behavior (autistic persons) have 
been continuously developed. Working closely with autistic persons has lead to development of 
various significant methods, applications and technologies for emotion recognition and expression. 
Innovative wearable sensors along with algorithms for efficient recognition of human affective 
states are now available and applicable for autistic individuals (Blocher et al., 2000). However, 
much has yet to be improved in order to have a significant success in treating individuals with 
autism. This depends on two aspects besides the theoretical one: practical and clinical. From the 
practical perspective, many of the existing technologies have limited capabilities in their 
performance and thus, limit the success in the education of autistic persons. This is especially 
significant for wearable hardware sensors that can provide feedback from the autistic individuals in 
the educational process. Much has to be done in order to have a reliable emotional, attentional, 
behavioural or any type of feedback that can be essential in the alteration of the educational method 
to better suit the people with autism. Clinically, most of ICT proposals have not been validated 
outside the context of proof of concept studies. Much more should be done to assess whether ICT 
architectures and devices are clinically relevant. Nevertheless, the realisation of autism as a 
significant health topic in the modern world is nothing but promising fact for the future trends of 
improvement in the usage of educational ICT to help the autistic people in coping with the everyday 
surroundings. 
 
What is the contribution of robotics to children with ASD in the context of imitation and joint 
attention? 
In this section, we want to explain what is the contribution of robotics in the context of children 
with ASD. The use of robots in education is an idea that has been studied for a few decades (Papert, 
1980). Robotic systems are now often included in the interactive environments (Robins et al., 
2005). Developed as interactive toys for children, humanoid robots are used as research platforms 
for studying how a human can teach a robot, using imitation, speech and gestures. Increasingly, 
robotic platforms are developed as interactive playmates for children. Recent literature reveals that 
robots generate a high degree of motivation and engagement in children with learning disabilities, 
especially in autistic persons, including those who are unlikely or unwilling to interact socially with 
human educators and therapists (Scassellati et al., 2007).  We will specifically focus on robotics and 
children with ASD according to what is expected from the robotic systems in the context of the 
specific experiment described. However, it is important to keep in mind that socially assistive 
robotics have at least three discrete but connected phases: physical robot design, human robot 
design and evaluations of robots in therapy-like settings (Scasselatti et al. 2012).  
However, we want to focus on two abilities which are the imitation and joint attention because these 
abilities are very important during the development of the child and core deficit in ASD. To address 
these abilities from the point of view of both developmental psychology and ICT, we just want to 
start by defining these cognitive capabilities. Then, we want to describe the different architectures 
developed in robotics and we discuss about experiments where the robotics can be used with the 
children with ASD.  Finally, we attempt to ask a question which is central in the interaction 
between two partners (human-human or human-robot) how evaluate these systems? 
  
Definitions 
Today, imitation is a central issue in many other disciplines, such as neurobiology and robotics. 
Consequently, several definitions of imitation exist, but no definition is universally accepted: (1) 
Thorndike (1898) offered a definition based on visual aspects: “to learn to do an action by watching 
someone do it”. The visual aspect is highlighted in this definition. However, if we take the example 
of bird song, we realize that a full definition of imitation must consider multi-sensory aspects. (2) 
Bandura (Wallon 1970) defined imitation as a learning technique without reward (without 
reinforcement). (3) Whiten (1992) defined imitation as the process by which the imitator learns 
some behavioral characteristics of the model. At the beginning of the 20th century, Baldwin 
(Baldwin 1902) proposed one of the first theories. Baldwin linked Darwinian evolution and 
imitation. If we consider imitation to be a mechanism of individual adaptation, it can allow 
individuals to improve some abilities that are not very efficient at birth to ensure survival. 
According to Piaget (1936, 1945), imitation is based on four mechanisms during early development: 
exploration (the child discovers his/her motor repertoire, i.e., the motor actions that he/she can 
perform); circular reactions (reflexes that are enriched by the assimilation of external elements and 
that motivate infants to maintain responses related to external excitation); assimilation 
(classification of behavior observed in the proximity of a known behavior); and accommodation 
(ability to detect and correct the difference between perceived behavior and the reproduction of this 
behavior). 
 
On the other hand, joint attention is a key element of social cognition. It teaches us much about 
social relationships, and it is often considered a critical component of a precursor of the theory of 
mind (Premack and Woodruff, 1978). Joint attention is the mechanism of directing one’s own gaze 
depending on the gaze of other. Emery (2000) defined joint attention as a triadic interaction, 
showing that both agents focus on a single object. An agent 1 detects that the gaze of agent 2 is not 
directed at him/her and therefore follows the direction of the gaze to look at the "object" of attention 
from an agent 1. This definition highlights a unidirectional process, unlike shared attention, which 
appears to be a coupling between mutual attention and joint attention. In shared attention, the 
attention of both agents concerns the object but also the other agent ("I know that you are looking at 
the object, and you know that I am looking at the object"). 
 
Social robotics of imitation 
The first robotics experiments on imitation  
The first robotics experiments that used imitation were limited to simple tasks and simple robots. 
For example, Kuniyoshi, since 1994, has focused on learning by observation (Kuniyoshi 1994, 
Bakker 1996) and has described three phases: (1) observation: watching an action performed by a 
human, e.g., a human grasps and then moves an object to place it in another position; (2) 
understanding, which involves the construction and memorization of an internal representation of 
the observed task; and (3) reproduction of the observed task. 
These studies were precursors and highlighted several challenges related to autonomous robotics 
and imitation, for example, the visual processing in an imitation task and the association between 
observed actions and actions of the motor repertoire. Dillmann (2004) presented approaches for 
learning methods that could enable a robot to learn the typical tasks required in everyday household 
environments. First, this model concentrates on analysis of the human actions and action sequences 
that can be identified when watching a human demonstrator. Second, sensor systems are introduced, 
which augment the robot’s perception capabilities while watching a human’s demonstration and the 
robot’s execution of tasks, respectively (Dautenhahn 1995), presenting a set of mobile robots that 
must climb up a hill. For this task, users must imitate the path of a robot teacher to find the top of a 
hill. In Hayes (1994), a robot follows a teacher in a labyrinth. The robot is able to detect the 
relevant actions of the teacher and associate them with the perceived situation. The robot (imitator) 
uses a module that extracts the position and orientation of the teacher, as well as module of 
proprioception (position and orientation of the imitator). For each movement of the teacher, the 
imitator must recalculate the movement to maintain the same orientation and the same distance 
from its teacher. 
In Berthouze (1996, 1998), the robot must watch a man who performs an assembly task and then 
attempt to reproduce the same sequence to perform the task; these studies were similar to the 
experiences of Billard (1997, 1998), who demonstrated a neural architecture controlling a robot that 
learned movement sequences performed by a teacher. The robot is a doll that can perform simple 
actions, such as turning its head and lifting its arm. The robot is equipped with 4 infrared sensors 
that detect the movements of the teacher. The teacher is also equipped with infrared emitters in each 
hand and two on the head. A reflex mechanism ensures coordination between the teacher's 
movements and the robot's movements. For example, the teacher lifts his/her hand in front of the 
robot, and consequently, the robot imitates and lifts its hand. The robot is also equipped with a 
keyboard (8 keys) that allows it to communicate with the teacher. The imitative behavior of the 
robot is performed using a pre-wired architecture that links the infrared sensors and motors. The 
robot can learn simple sequences (2 to 8 actions by sequence). The teacher performs a sequence of 
movements in front of the robot, and the robot imitates them. At the end of the sequence, the 
teacher presses a key. Each sequence is repeated until the association is correct between the key and 
the sequence of movements. This architecture uses recurrent associative memory. The doll was used 
with children 4-5 years old. The children had to teach the doll to associate a sequence of 
movements with a sentence. The protocol was simple: the child performed a movement and pressed 
the key associated with this movement. Each key was associated with a specific task. After the 
learning phase, the robot performed the sequence according to the sentence that the child said. This 
study showed that children are fascinated by games with dolls. These first experiments inspired a 
desire to build robots that can undertake complex behaviors, such as the learning of sequences. 
Moreover, some experiments with children have shown that children are very interested by the 
games with the robot. Whether these experiments can be performed with children with ASD and 
whether the behavior of children with ASD can be analyzed remain unresolved issues.  
 
Gesture imitation 
At its lowest level, imitation is performed at the gesture level. The goal is to reproduce an observed 
gesture. However, fundamental questions must be considered. The first question regards movement 
recognition: the robot must identify the human arm and characterize the human arm trajectory. In 
the case of simple gestures, the robot often detects the arm color, the arm movement or color 
patches applied to the arm joints. Then, the question of the gesture’s appearance must be 
considered: what should the robot imitate? It might be the configuration of the whole arm or the 
hand position but it might also be also the orientation if the whole gesture should be reproduced. 
Finally, the question of perspective must also be considered, for example, when the robot must 
perform the gesture "come" with the hand. In robotics, it is possible to avoid these problems. The 
solution could be to perform the examples directly with the robotic forelimb, e.g., using a remote 
control (Campbell 2006), to manipulate the hand (Calinon 2007) or by fitting the robot model with 
sensors (Maurer 2005; Aleotti 2006) or an exoskeleton (Ijspeert 2002). 
 
Imitation of complex tasks 
Imitation is more complex when it involves interaction with the environment, which is the case in 
most common tasks. This complexity arises from the sequence of actions necessary to perform tasks 
and the introduction of objects into the world of the robot. To understand the actions performed, 
one must identify the gesture and the object, as well as their interactions. Task reproduction is more 
complex if the robot must consider several objects simultaneously. The difficulty is in determining 
the relationships among the hands, arms and different objects. However, humans can interact with 
the robot to help it by specifying the relationships among the objects and showing the robot how to 
choose from a set of data. It is also possible to endow the robot with primitive movements that 
resemble simple gestures (e.g., grasping an object and putting it somewhere, opening a door). These 
primitive movements provide a vocabulary of actions for the robot. In this case, the robot must 
learn to combine these actions properly to perform tasks that are more complex, for example, 
setting the table (Pardowitz, Knoop 2007) or serving drinks (Pardowitz, Dillmann 2007). The robot 
must learn to identify the state in which it is and what action is most appropriate. However, this 
approach has strong limitations because the robot can only learn to perform tasks that require only 
this primitive repertoire. The robot can learn how to order its primitive movements to perform tasks, 
but it cannot involve the other primitive movements that it knows. If these primitive movements 
become inadequate, the whole system can fail. 
 
Learning of movement primitives 
As a consequence of the limitations described above, it is important for robotic systems to develop 
learning capabilities (1) to learn primitive movements, such as grasping an object (Campbell 2006) 
or putting it in a box (Hersch 2008), and (2) to perform gestures by adapting to the environment. 
For example, the object and the robot can have different positions than they had during the learning 
phase. Using interpolation among the various examples, the problem can be solved if the examples 
are sufficiently numerous and are performed under different conditions. It is then possible to 
perform a movement in different situations (Campbell 2006, Steil 2004), using learning techniques 
such as Kohonen networking or sophisticated averaging. Another approach is to model a primitive 
movement as a dynamic system. This dynamic system is learned through the examples provided, 
and the attractor is the final position to be achieved, for example, the object position that must be 
grasped (Ijspeert 2002, Hersch 2008). The robot can imitate situations similar to the learning phase, 
such as the examples provided during the learning phase. However, when the situation changes 
significantly, for example, if one introduces a new obstacle into the gesture trajectory, the robot 
does not know how to react if it has not been programmed to solve this problem. Nevertheless, 
reinforcement learning (Guenter 2007) can resolve the task because it uses a strategy of trial and 
error. 
 
Imitation as a way to communicate 
Boucenna et al. (2010) investigated how robots learn to recognize facial expressions without having 
a teaching signal allowing them to associate facial expressions with given abstract labels (e.g., the 
name of the facial emotional expressions for ‘sadness’, ’happiness’, etc.). They also developed a 
sensory motor architecture for the recognition of facial expressions. The robot can learn facial 
expressions if it produces these facial expressions, and the human imitates the robot’s facial 
expression to facilitate the on-line learning (Figure 3 shows human-robot interaction game). 
Insert figure 3 
These authors showed, in their first series of robotics experiments, that a simple neural network 
model could control the robot’s head, and it could learn online to recognize facial emotional 
expressions (the human partner imitated the robot’s prototypical facial expressions). Imitation was 
used as a communication tool instead of a learning tool: the caregiver communicated with the robot 
through imitation. Moreover, the same architecture could be used to learn posture recognition 
(Boucenna 2012) and joint attention (Boucenna 2011). The figure 4 shows an interaction between 
the human and the robot during an imitation game. Currently, we perform the learning of posture 
with children with ASD to show that the robot is able to learn this task with children with ASD. 
Morover, we want to analyse the influence of the partners (children with ASD, typical children, 
adult) which interact with the robot during this imitation game. According to the partner which 
interacts with the robot, the computational model can learn different things.  
Others studies have also proposed neural network architectures designed to exhibit learning and 
communication capabilities via imitation (Andry 2001, Andry 2002, A. de Rengervé 2010). An 
artificial system does not need to incorporate any other internal model to perform real-time and 
low-level imitations of human movements, despite the related correspondence problem between 
humans and robots. A simple sensory motor architecture can perform such tasks. These sensory 
motor architectures and this type of paradigm are interesting because robots are able to learn online 
and autonomously, which allows for the creation of real interaction between a human partner (e.g., 
a child) and a robot. In this case, the human partner communicates with the robot through imitation. 
 
Are robotic systems able to develop joint attention capabilities? 
The field of robotics has also been interested in joint attention because it seems essential for social 
interaction and for building robots that can interact in social environments, as successfully 
implemented using the Baron-Cohen model (Baron Cohen, 1995) and a humanoid robot 
(Scassellati, 1998; Scassellati, 2001). According to Baron-Cohen, joint attention is based on two 
modules: (1) the intentionality detector (ID), which uses sensory modalities and can interpret the 
actions of other agents, for example, purpose, goal and desire, and (2) the eye-direction detector 
(EDD), which can detect the presence and gaze direction of other agents than itself. EDD allows the 
robot to infer that a person looks at an object if his/her gaze is directed toward that object. This 
model suggests that the mechanism of joint attention is based only on these two detectors. ID allows 
for the interpretation of gaze direction as a goal state and the interpretation of the gaze of others as 
intentions. This mechanism allows two agents to focus their attention on an object, agent or event. 
More recently, other proposals have been made. The model developed by Yucel et al. (2009) 
implements an effective model, which integrates image-processing algorithms into a robust 
estimation of the head pose and an estimation of gaze direction. Other authors, such as Marin-Urias 
et al. (2009), Marin-Urias et al.  (2008) and Sisbot et al. (2007) have focused on the capacity of 
shared attention in "mental rotation" and "perspective taking". These capabilities allow the 
humanoid robot HRP2 to acquire representations of the environment from other perspectives and to 
assimilate the concept of reason from the perspectives of others to obtain a representation of the 
knowledge of others. In other words, the HRP2 humanoid robot is able to direct its gaze toward an 
object that a human looks at, even if two objects are in the same field of view (one object obscuring 
another). The object of attention is visible to humans, whereas the robot has assimilated the other 
object, which is not visible to human. 
Nagai et al. (2003) proposed a developmental model, which would allow a robot to acquire joint 
attention capability without the assessment of the task. This model showed how a robot can 
interpret the gaze direction of humans to focus on objects in the environment. This paper provided a 
constructive model, in which a robot acquired the ability of joint attention without any task 
evaluation from a human caregiver. Moreover, the robot attempted to reproduce the staged 
developmental process of infants’ joint attention. The model consisted of the robot’s embedded 
mechanisms: visual attention and learning with self-evaluation. The former was used to find and 
examine a salient object in the robot’s view, and the latter was used to evaluate the success of visual 
attention and then to learn sensorimotor co-ordination.  In summarizing the challenges of joint 
attention, Kaplan and Hafner (2004) attempted first to define this mechanism, as well as the unitary 
elements that constitute it. In line with Tomasello’s views (Tomasello, 1995), Kaplan and Hafner 
(2004) argued that joint attention implies viewing the behavior of other agents as intentionally 
driven. In that sense, joint attention is much more than gaze following or simultaneous looking. 
 
Robotics and children with autism 
Since 2000, there have been an increasing number of clinical studies that have used robots with 
individuals with ASD. The robot can have two roles in the intervention: practice and reinforcement 
(Duquette 2008). There have been at least 2 reviews of the literature that have been conducted 
recently (Scacellati et al. 2012, Diehl et al., 2012). Here, we choose to follow the plan proposed by 
Diehl and colleagues, as it fits our main focus on imitation and joint attention. Diehl et al. 
distinguished 4 different categories of studies. The first compares the responses of individuals with 
ASD to humans, to robots or robot-like behaviour. The second category assesses the use of robots 
to elicit behaviors to be promoted with regard to ASD impairments. The third uses robotic systems 
or robots to model, teach and practice a skill, with the aim of enhancing this skill in the child. The 
last uses robots to provide feedback on performance during therapeutic sessions or in natural 
environments. 
 
Response to robots or robot-like characteristics 
Although most of the research in this field has been based on short series or case reports, authors 
have insisted on the appealing effects of robots on individuals with ASD. If we assume that 
individuals with ASD prefer robots or robot-like characteristics to human characteristics or non-
robotic objects, we might wonder why individuals with ASD prefer robots, as well as what is 
particularly appealing about these characteristics. Pioggia et al. (2005) compared one child with 
ASD to a child typically developing control over his/her behavioral and physiological responses to 
a robotic face. The child with ASD did not have an increase in heart rate in response to the robotic 
face. This response implies that the robotic face did not alarm the child. In contrast, the control 
child spontaneously observed the robot with attention and expressed positive reactions to it; 
however, when the robot’s facial movements increased, the typical child became uncomfortable and 
exhibited an increased heart rate. In a case series, the same author (Pioggia et al., 2008) showed that 
ASD children show responses to the robotic face in comparison to human; most individuals with 
ASD showed an increase in social communication, some showed no change, and one showed a 
decrease when he interacted with the robotic face. 
 Feil-Seifer et al. (2011) showed that, in a group of eight children with ASD, there was tremendous 
variability in the valence of affective response toward a mobile robot, depending on whether the 
robot’s behavior was contingent on the participant or whether it was random. In this study, the robot 
could automatically distinguish between positive and negative reactions of children with ASD to it. 
Individual affective responses to the robots were indeed highly variable. Some studies (Dautenhahn 
2004, Robins 2006) have shown that for some children with ASD, there is a preference for 
interacting with robots compared to non-robotic toys or human partners. However, Dautenhahn 
(2004) found individual differences regarding whether children with ASD preferred robots to non-
robotic toys. Two of the four participants exhibited more eye gazes toward the robot and more 
physical contact with the robot than with a toy. 
Other studies have investigated movements. Bird et al. (2007) found a speed advantage in adults 
with ASD when imitating robotic hand movements, compared to human hand movements. In the 
same vein, Pierno et al. (2008) reported that children with ASD made significantly faster 
movements to grasp a ball when they observed a robotic arm perform the movement compared to a 
human arm. In contrast, typically developing children showed the opposite effect. Therefore, these 
2 studies suggest increased imitation speed with robot models compared to human models (Bird 
2007, Pierno 2008). 
Additionally, some studies have investigated the responses of children with ASD when exposed to 
emotional stimuli. Nadel et al. (2006) and Simon et al. (2007) explored the responses of 3- and 5-
year-old children to emotional expressions produced by a robot or a human actor. Two types of 
responses were considered: automatic facial movements produced by the children facing the 
emotional expressions (emotional resonance) and verbal naming of the emotions expressed 
(emotion recognition). Both studies concluded that, after robot exposition, an overall increase in 
performance occurred with age, as well as easier recognition of human expressions (Nadel et al. 
2006, Simon et al. 2007). This result is encouraging in a remediation perspective, in which an 
expressive robot could help children with autism to express their emotions without human face-to-
face interaction. Finally, Chaminade et al. (2012) investigated the neural bases of social interactions 
with a human or with a humanoid robot using fMRI and compared male controls (N=18, mean 
age=21.5 years) to paients with high functioning autism (N=12, mean age=21 years).  Results 
showed that areas involved in social interactions in the posterior temporal sulcus were activated 
when controls, but not subjects with high-functioning autism, interacted with a human fellow.  
 
 
Robots used to elicit behaviour 
Some theoritical works have highlighted several potential uses of a robot for diagnosis purposes 
(Scassellati 2007; Tapus 2007). For example, a robot could give a set of social cues designed to 
elicit social responses for which the presence, absence, or quality of response is helpful during 
diagnostic assessment. In Feil-Seifer (2009), the robot could be programmed to take the role of the 
bubble gun. The robot produces bubbles to elicit an interaction between the child and the examiner. 
Also, the robot can act as a sensor and provide measurements of targeted behaviors (Scassellati 
2007, Tapus 2007). These measurements may be used to diagnose the disorder and to quote its 
severity on one or several dimensions. The robots could record behaviors and traduce social 
behaviors into quantitative measurements. Secondly, interaction between a robot and a child has 
been used to elicit and analyze perseverative speech in one individual with high-functioning ASD 
(Stribling 2009). Interaction samples were collected from previous studies in which the child 
interacted with a robot that imitated the child’s behavior. Here, the robot–child interaction is used to 
collect samples of perseverative speech to conduct Conversational Analysis on the interchanges. 
This study suggested that robot–child interactions might be useful to elicit characteristic behaviors 
such as perseverative speech. 
Finally, the robot can be used to elecit prosocial behaviors. Robots can provide interesting visual 
displays, or respond to a child’s behavior in the context of a therapeutic interaction. Consequently, 
the robot could encourage a desirable or prosocial behavior (Dautenhahn 2003, Feil-Seifer 2009). 
For example, the robot’s behavior could be used to elicit joint attention: first, the robot could be the 
object of shared attention (Dautenhahn 2003), or the robot could provoke the joint attention by 
looking elsewhere at an object in the same visual scene and “asking” the ASD child to follow its 
gaze or head direction. In another study, De Silva et al. (2009) showed that individuals with ASD 
are able to follow social referencing behaviors performed by a robot. This study shows that social 
referencing is possible but the results are not quantitative. Other studies (Robins 2005, François 
2009) have tried to elicit prosocial behavior such as joint attention and imitation, but the results 
were not robust enough because of the too limited number of children with ASD in these studies. 
Finally, several studies aimed to assess whether interaction between a child with ASD and the 
significant individual variation in response to the robot (Costa 2010, Kozima 2007, Wainer 2010).  
 
Robots used to model, teach or practice a skill 
Here, the theoretical point of view is to create an environment in which a robot can model specific 
behaviors for a child (Dautenhahn 2003) or the child can practice specific skills with the robot 
(Scassellati speaks out ‘‘social crutch’’, Scassellati 2007). The aim is to teach a skill that the child 
can imitate or learn and eventually transfer to interactions with humans. In this case, the robot is 
used to simplify and facilitate social interaction. The objective of Duquette (Duquette et al. 2008) 
was to explore whether a mobile robot toy could facilitate reciprocal social interaction, became it 
was more predictable, attractive and simple. The exploratory experimental set-up presented two 
pairs of children with autism: a pair interacting with the robot and another pair interacting with the 
experimenter. The results showed that imitations of body movements and actions were more 
numerous in children interacting with humans, compared to the children interacting with the robot. 
In contrast, the two children interacting with the robot had better shared attention (eye contact, 
physical proximity) and were able to mimic facial expressions better than the children interacting 
with a human partner. Fujimoto et al. (2011) used techniques for mimicking and evaluating human 
motions in real time using a therapeutic humanoid robot. Practical experiments have been 
performed to test the interaction of ASD children with robots and to evaluate the improving of 
children’s imitation skills. 
 
Robots used to provide feedback and encouragement 
Robots can also be used to provide feedback and encouragement during a skill learning intervention 
because individuals with ASD might prefer the use of a robot rather to a human as a teacher for 
skills. Robots can have human-like characteristics mimicking human sounds or more complex 
behaviors. The social capabilities of robots could improve the behavior of individuals with ASD 
vis-à-vis the social world. The robot could also take on the role of a social mediator in social 
exchanges between children with ASD and partners because robots can provide feedback and 
encouragement (Dautenhahn 2003). In this approach, the robot would encourage a child with ASD 
to interact with an interlocutor. The robot would provide instruction for the child to interact with a 
human therapist and encourage the child to proceed with the interaction. However, this approach is 
only a theoretical perspective, as no studies have yet been conducted. 
However, some attempts have been made. Duquette et al. (2008) used a reward as the result of a 
robot behaviour; for example, if a child was successful in imitating a behaviour, the robot provided 
positive reinforcement by raising its arms and saying, “Happy”. In the same vein, the robot could 
respond to internal stimuli from the child; for example, the stimuli generally used in biofeedback 
(e.g., pulse, respiratory frequency) could be used as indicators of the affective state or arousal level 
of the child to increase the individualized nature of the treatment (Picard 2010). This capability 
could be useful for providing children with feedback regarding their own emotional states or to 
trigger an automatic redirection response when a child becomes not interested (Liu 2008). 
 
How evaluate these systems? Synchrony as a core issue of social signal processing to 
understand interaction 
In recent years, there has been growing interest in human communication dynamics in several 
domains, such as social signal processing (Vinciarelli, 2009). The evaluation systems has become a 
central question in human-robot and human-human interaction. This question is important to 
analyse, to understand and to characterize the interaction and the communication between two 
partners. To address interaction from the point of view of both developmental psychology and ICT, 
an important concept is that of synchrony, which refers to individuals' temporal coordination during 
social interactions. The analysis of this phenomenon is complex, requiring the perception and 
integration of multimodal communicative signals. Synchrony and imitation are linked in the 
development of children. Automatic characterization of interpersonal synchrony is identified as the 
primary challenge of social signal processing. Originally studied by developmental psychologists, 
synchrony has now captured the interest of researchers in such fields as social signal processing, 
robotics, and machine learning. The evaluation of synchrony has received multidisciplinary 
attention because of its role in early development, language learning, and social signal processing 
(Delaherche et al. 2012). To this respect, technologies for the stimulation of behaviors will be 
investigated through robotics.  However, it is difficult to evaluate human-robot interaction, for 
example, imitation or joint attention (Delaherche et al. 2012). 
In this section, we review methods related to imitation (mimicry) detection. Currently, few models 
have been proposed to capture mimicry in dyadic interactions. Mimicry is usually considered within 
the larger framework of assessing interactional synchrony, which is the coordination of movement 
between individuals, regarding both timing and form, during interpersonal communication 
(Bernieri, 1988). Actual state-of-the-art methods to assess synchrony rely on two steps: feature 
extraction and a measure of similarity. 
The first step in computing synchrony is extracting the relevant features of the dyad's motion. We 
can distinguish between studies focusing on the movement of a single body part and those capturing 
the overall movement of the dyad. Numerous studies have focused on head motion, which can 
convey emotion, acknowledgement or active participation in an interaction. Head motion can be 
captured using either a motion-tracking device (Ashenfelter, 2009) or a video-based tracking 
algorithm (Campbell, 2008a; Varni, 2010). Many studies have captured the global movements of 
the participants with motion energy imaging (Altmann, 2011; Ramseyer, 2011) or derivatives 
(Delaherche, 2010; Sun, 2011). Then, a measure of similarity is applied between the two time 
series. Correlation is certainly the most commonly used method to evaluate interactional synchrony. 
After extracting the movement time series of the partners, a time-lagged cross-correlation is applied 
between the two time series, using short windows of interaction. Several studies have also used a 
peak-picking algorithm to estimate the time lag between partners (Ashenfelter, 2009; Boker, 2002a; 
Altmann 2011). Recurrence analysis is an alternative to correlation (Varni, 2010). It was inspired by 
the theory of coupled dynamic systems, which provide graphical representations of the dynamics of 
coupled systems. Recurrence analysis assesses the points in time at which two systems show similar 
patterns of change or movement, called “recurrence points'”. These models are often poorly 
selective for mimicry detection. Indeed, the features (e.g., motion energy) describe the amount of 
movement rather than the form of the gestures performed. Capturing mimicry entails having a finer 
description of the gestures, which can be achieved with action recognition techniques. Michelet 
(2012) recently proposed an unsupervised approach to measuring immediate synchronous and 
asynchronous imitations between two partners. The proposed model is based on two steps: 
detection of interest points in images and evaluation of the similarity between actions. First, spatio-
temporal points are detected for an accurate selection of the important information contained in 
videos. Then, bag-of-words models are constructed, describing the visual content of the videos. 
Finally, the similarity between the bag-of-words models is measured with dynamic time warping, 
which yields an accurate measurement of imitation between partners. Experimental results have 
shown that the model is able to distinguish between imitation and non-imitation phases of 
interactions. The current challenges regarding mimicry involve the characterization of both 
temporal coordination (synchrony) and content coordination (behavior matching) in dyadic 
interaction (Delaherche, 2012). The synchrony module is dedicated to identifying the time lag and 
possible rhythm between partners. The imitation module aims to assess the distance between two 
gestures, based on 1-Class SVM models. These measurements distinguish signiﬁcantly between 
conditions in which synchrony or behavior matching occurs and conditions in which these 
phenomena are absent.  
 
Conclusion 
Some authors (e.g., Ricks & Colton, 2010) have highlighted the anecdotal results of introducing 
robots into experiments with ASD individuals. In particular, they have wondered why the question 
of what is the best way to integrate robots into therapy sessions has not been asked. For this reason, 
they have remained very critical toward the results obtained in the field of robotics and ASD. 
However, as an emerging field, there are several open questions that must be addressed for better 
research quality. What are the best roles for robots in therapy? How could we best integrate robots 
into interventions? Additionally, among individuals with ASD, who are the best suited for this 
approach? These questions are some of the challenges future research will face. Taking into account 
the recent advances in early developmental approaches, we believe that focusing on two skills, such 
as imitation and joint attention, will have an important clinical impact as (1) they belong to the 
agenda of the intervention program that has received the best evidence in young children with ASD 
(Dawson and Rogers, 2002) and (2) both skills have already shown promising results in the field of 
social signal processing. We also suggest that addressing the issues of interpersonal synchrony and 
multimodal integration during interaction as they appear to be, is the key issues in applying ICT in 
children with ASD. We believe that the state of the art in social robotics should allow researchers, 
guided by multidisciplinary approaches, to develop new experimental settings that are able to 
integrate interactions between children with ASD and robots, with the aim of analyzing children’s 
behaviors. We believe that the robotic scenario is an excellent way to elicit behaviors by interacting 
with the child and, in return, analyzing the child’s behavior and adapting to it. In such a case, 
introducing robots into therapy would be of great clinical interest. From our view, to create 
experimental protocols and databases that will contribute the research in social signal processing for 
ASD, interdisciplinary approaches and teams are required. By gathering researchers on 
psychopathology, neuroscience, engineering and robotics, we may efficiently address some of the 
aforementioned challenges (Chaby et al., 2012). 
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Abstract 
Autism Spectrum Disorders (ASD) are associated with neurophysiological abnormalities, which are 
very likely to contribute to the core symptoms of the condition.  
Non-invasive tools based on EEG and ECG techniques can provide important information about 
neurophysiological and physiological parameters such as brain signaling and autonomic system 
responses in relation to certain conditions in a semi-naturalistic setting. 
In particular, quantitative analysis of the EEG activity (QEEG) can reveal specific patterns of brain 
dysfunction in different regions whilst the measure of the heart rate variability (HRV) provides 
information about the child’s arousal condition of the children. The artificial and constrained 
situations in which these signals are usually acquired require a particular effort from the subject, 
which is difficult to obtain with very young children with ASD. The aim of this study is to develop 
an integrated system based on wearable and wireless technologies for the acquisition of 
neurophysiological and physiological parameters in a semi-naturalistic setting. The sensing module 
- consisting of an ECG chest strap, an EEG cap and video cameras - sends signals to a Central Unit 
(CU), which enables clinicians to monitor the child in a more ecological setting and during 
treatment sessions. A data analysis toolbox allows the segmentation of the signals and the extraction 
of quantitative features from neurophysiological data. Preliminary results applying the system to an 
autistic child are provided. The system showed to be easily accepted and tolerated by the child and 
allowed to link the behavior with neurophysiological activity during specific social tasks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction 
Recent advances in neuroimaging and others less-invasive physiologic monitoring systems like 
Electroencephalography (EEG), supplemented with advanced data analysis methods, such as 
Diffusion Tensor Imaging (DTI), Event Related Potentials (ERPs), etc. allow researchers to explore 
the relationship between neurophysiological signals, neurodevelopmental disorders and behavioral 
changes. In particular, atypical patterns of EEG activity have been documented in young children 
with neurodevelopmental disorders, such as Autism Spectrum Disorders (ASDs) (Barttfeld et al., 
2011; Cantor & Chabot, 2009; Coben, Clarke, Hudspeth & Barry, 2008; Isler, Martien, Grieve, 
Stark & Herbert, 2010; Murias, Webb, Greenson & Dawson, 2007; Sheikhani, Behnam, 
Mohammadi, Noroozian & Mohammadi, 2012). Furthermore, it is well established that ASDs are 
associated with brain connectivity abnormalities that are the basis of impaired and atypical 
(Belmonte et al., 2004; Geschwind & Levitt, 2007, Minshew & Williams, 2007). EEG is able to 
identify dysfunction in various brain regions in autistic individuals. 
Traditionally, in order to investigate the relationship between EEG patterns and experimental 
events, EEG recording is analyzed in an event-related fashion. The standard analysis of ERPs is the 
averaging method. EEG measurements can also be investigated in the frequency domain, and it has 
been convincingly demonstrated that assessing specific frequencies can yield insights into the 
functional correlations between brain regions. The analysis of EEG patterns in the frequency 
domain during various conditions or tasks is known as Quantitative EEG (QEEG). Commonly 
QEEG has been used to capture electrical patterns at the surface of the scalp, which primarily 
reflect cortical electrical activity or “brainwaves”. The spectrum of EEG signal can be divided 
either in fixed bands, using classical broad bands for children after age of 4 and adults - using 
classical brad bands, i. e. δ (1 – 4 Hz), θ (4 – 7 Hz), α (8 – 13 Hz), β (14 – 29 Hz) and γ (30 – 80 
Hz) - or in variable bands according to the age of the child, for younger children. The frequency of 
these bands in fact changes with development (Marshall, Bar-Haim & Fox, 2002). Each of these 
bands is related to different brain electrical activities, which can be acquired through electrodes 
distributed on the scalp according to dedicated International standards, i.e. the 10-20 system with 19 
electrodes. Recently, QEEG has been used as a tool for neurophysiological assessment of children 
with autism (Cantor & Chabot, 2009). QEEG power spectral densities and coherence values 
obtained after naturally occurring stimuli or tasks are statistically compared to controls to reveal 
differences or abnormalities (Cantor, Thatcher, Hrybyk & Kaye, 1986; Cantor & Chabot, 2009; 
Chan, Sze, & Cheung, 2007; Coben, Clarke, Hudspeth, & Barry, 2008; Murias, Webb, Greenson & 
Dawson, 2007; Orekhova et al., 2007; Sheikhani, Behnam, Mohammadi, Noroozian & 
Mohammadi, 2012; Stroganova et al., 2007). Interestingly, QEEG measurements can provide a 
means to establish treatment efficacy (Dawson et al., 2012). According to the above-mentioned 
evidence, QEEG provides sufficient sensitivity and specificity to be worthy of consideration for use 
in the diagnosis, treatment and outcome evaluation of neurodevelopmental disorders.  
Further evidence support other physiological effects associated with active stimulus processing and 
behavioral interventions (Malik, 1996). Physiological parameters and vital signs such as heart rate, 
systolic and diastolic pressure, pulse rate, skin conductance, body temperature, and fingertip 
temperature can be used as cues of autonomic functions. In particular, heart rate variability (HRV) 
is a well-recognized method to assess the cardiac autonomic balance of the autonomic nervous 
system (Goldberger, 1999). HRV has been shown to be a useful non-invasive predictor for mental 
stress and anxiety (Friedman, 2007; Gorman & Sloan, 2000;). It is known that conditions such as 
mental stress and anxiety are associated with an increase of the sympathetic tone. In contrast, vagal 
tone is high during resting or relaxed conditions. Although a few parameters such as the HRV are 
influenced by physical activity nevertheless they have been increasingly used to measure the 
activity of the autonomic nervous system and to study neurophysiological responses in naturalistic 
settings (Goodwin et al., 2006). Changes in the cardiac autonomic parameters and finger 
temperature have been found in relation to the progress of the rehabilitation program in patients 
with brain injuries (Laibow, Stubblebine, Sandground & Bounias, 2002). Other studies have shown 
an extremely high-autonomic arousal in individuals with autism even though they appeared to be 
outwardly calm (Hirstein, Iversen, & Ramachandran, 2001; Hoch, Moore, McComas, & Symons, 
2010; Ming et al., 2011). These indicators may reveal important cues to predict the arousal and 
emotional state and to support clinicians to implement the most appropriate personalized treatment 
plan and during therapeutic sessions. 
It must be considered that monitoring the neurophysiological, physiological and behavioral 
information in children during therapeutic sessions or during daily basis routines is definitely more 
challenging than monitoring the same parameters in adults and under controlled conditions. It is 
mandatory for example that the equipment should not interfere with the activities undertaken by the 
child during the treatment session. In the above-mentioned studies, the applied protocols introduce 
several constraints, i.e. the patient is kept at a constrained position looking at the selected artificial 
stimuli, which may or may not be closely related with naturally occurring stimuli. As a 
consequence, these protocols induce both systematic and non-systematic biases to the experimental 
outcome eluding the actual nature of the brainwave behavior and connectivity, especially for 
children with behavioral difficulties. Furthermore, these protocols need to be performed in a 
structured clinical setting rendering impossible an ecological assessment and monitoring during 
treatment in naturalistic settings, such as at home or with the parents involvement. 
The present study aims to describe and discuss an integrated system for wireless acquisition, 
synchronization and processing of QEEG and ECG systems. This work has been carried out within 
the framework of MICHELANGELO, a project funded by the European Commission (FP7- ICT 
G.A. # 288241) (http://www.michelangelo-project.eu/). 
The measurements are gathered by wearable devices to be applied in naturalistic settings in the 
attempt to overcome the limitations of the previous studies reported in literature (Varshney, 2005; 
Varshney, 2006). The combined analysis of QEEG and ECG signals in naturalistic settings enables 
simultaneous examination of neurophysiological correlates while the child is engaged in socio-
emotive interactions. This system is able to provide (i) ecologically synchronized quantitative 
measurements of spectrograms and coherence, and (ii) autonomic responses that are not measurable 
with traditional research methods within a natural/nomadic environment. 
For this purpose, new wearable technologies for EEG and ECG have been developed by the 
STARLAB, Spain, and by the Pervasive Healthcare Laboratory (PHC-Lab) of the Institute of 
Clinical Physiology (IFC) of the National Research Council (CNR) of Italy, respectively. These 
new systems are suitable to very young and difficult children with a developmental condition such 
as ASD and the new integrated wireless processing systems are reported here. The innovative 
approach and method developed by the authors allow a reliable indication of the long-term outcome 
of the child’s condition and timely detection of abnormal brain wave activity and arousal 
contributing towards a more detailed understanding of the nature of typical and atypical 
developmental processes of social cognition.  
 
Methods 
The wireless platform for neurophysiological signals acquisition 
Architecture Overview 
In this paper, we aim to describe a reliable and integrated architecture able to perform unobtrusive 
processing of QEEG and ECG measurements gathered by wearable devices to be applied in 
naturalistic assessment and treatment of neurodevelopmental disorders. The overall architecture was 
designed and realized to be used with very young and problematic children taking into account 
state-of-the-art wearable commercial and research technologies for EEG and ECG wireless signal 
acquisition devices. The adoption of our system can advance the study of brain-behavior link, 
especially in connection with ASD. 
The overall system architecture is shown in Fig. 1. It mainly consists of four three modules: the 
biosignal sensor unit, the video mobile unit and a Central Unit (CU). The biosignal sensor unit 
consists of EEG and ECG wearable hardware. The video mobile unit consists of two wired cameras 
for the scene recording, one facing the child to observe their actions and behaviors and the other 
facing the therapist. The CU consists of a workstation enabling the researchers to observe the 
child’s behavior during treatment session, and to collect and process the physiological signals both 
on-line and off-line. The CU allows data to be stored and retrieved, as well as a reliable I/O 
communication layer for the management and the synchronization of data.  
 
The Biosignal Sensor Unit 
The main function of the biosignal sensor unit is the wearable and wireless acquisition of EEG and 
ECG signals while allowing the child to freely move around her/his environment. The unit is 
composed by the Enobio wireless device (STARLAB, Barcelona, Spain) for EEG recording 
(Cester, Dunne, Riera & Ruffini, 2008) and by the IFC-CNR wireless ECG chest belt (Solar et al., 
2012). Both these devices use a Bluetooth
TM 
gateway implementing a serial wireless protocol 
communication interface via an integrated 2.4 GHz antenna with the central station with 
transmission range up to 30 meters. Enobio offers a high degree of unobtrusiveness (easy to use, 
wearable, only 65 grams weight) (Fig. 2). Each active digital electrode with a transduction interface 
and electrode is able to acquire, digitize and transmit the signal on site in order to reduce the 
environmental noise while recording data away from the lab or controlled environments.  
 
The system continuously records EEG biosignals over 19 channels positioned according to the 
10/20 standard scheme and two references. The availability of 19 channels of the Enobio system is 
sufficient for creating complete brain mapping between all the regions of interest.  
The acquisition occurs in a range of frequency from DC to 250 Hz allowing recording EEG 
biosignals in all the EEG bands. Signals are acquired with a sampling rate of 500 Hz with a 16-bit 
accuracy.  
Enobio is provided both with gel and dry electrodes. Gel electrodes provide a better contact with the 
skin and lower impedance although the positioning can be very long and uncomfortable for the 
child. The possibility of using dry electrodes offers a shorter and easier set-up time comparable with 
gel electrodes, which is particularly important with children having neurodevelopmental disorders. 
Moreover dry electrodes are more suitable for application in which long-term recording and in 
home monitoring were the system is probably set up by non-expert personal. Several articles indeed 
show that dry electrodes can yield performance comparable to gel electrodes (Guger, Krausz, 
Allison & Edlinger, 2012; Zander et al., 2011).  
Data from Enobio are recorded an acquisition software (NIC) consisting of a Java application (free 
download from http://neuroelectrics.com/support/download), allowing: 1) wireless communication 
between the Enobio and a Host computer, 2) data recording, 3) data pre-processing for visualization 
purpose, i.e. filtering, power spectral density (PSD) analysis, and spectrograms. 
The IFC-CNR chest belt is a wearable device based on the Shimmer® (Burns et al., 2010) wireless 
base module, which is CE certified (Fig. 3) and validated prior to the present study in a group of 
healthy subjects comparing it with the gold standard Holter device (ELA medical, Milan, Italy) 
(Solar et al., 2012). 
 
The system is powered by a 3.6 V rechargeable battery. The battery life allows up to 7 h of 
continuous monitoring per charge. The hardware module was tailored at IFC-CNR to be compliant 
with the common cardio-fitness Polar
TM
 or Adidas
TM
 chest straps in order to gain in ergonomy and 
to be, lightweight and the firmware was written according to a communication strategy that 
guarantees an easy connection and integration with other wireless devices. The common cardio-
fitness chest straps are fully washable; integrate dry electrodes applied directly to the patient’s skin 
for single-lead acquisitions without skin preparation, gels, or adhesives. Moreover they guarantee 
comfortable contact with the thorax for long-term monitoring, adapting itself to the body shape. In 
addition to the clinical functions of a traditional ECG holter, the ECG chest belt allows wearability 
to be gained without compromising performance.  
The electronic board acquires the ECG signals and transmits data via Bluetooth to the CU for 
visualization, storage on disk and analysis. The ECG data packets are sent to the PC by Bluetooth 
through the serial port. The communication protocol used is the Asynchronous Connection-Less 
(ACL) protocol. The PC sends commands through the controller interface, a software written in C# 
designed to setup the Bluetooth connection, handle ECG data acquired and display the ECG 
waveform on the PC screen. Table 1 shows the summary of the hexadecimal code of command 
packets and corresponding events. For each event the Shimmer module transmits an acknowledge 
packet back to the PC. 
 
The communication through the serial port is accomplished by using the Communication Control in 
Visual Studio 8.0. The protocol is designed to be robust against wireless communication errors. The 
frame format is based on 128 bytes as shown in Figure 4.  
The BOF (Beginning of Frame, hex byte “0xC0”) and EOF (End of Frame, hex byte “0xC1”) are 
used as header characters while the ECG packet payload is composed by 126 bytes. It is expected 
that when transmission is done with packets instead of continuously, the power consumption can be 
reduced, thus increasing operation time. This is because a large portion of the power is being 
consumed by the radio frequency (RF) part of the wireless module, and packet transmission allows 
for this part to be switched off in the durations between successive packet transmissions. Each byte, 
received through the serial port, is stored in a buffer, processed and displayed on the PC monitor. 
The user is able to real-time observe, save and retrieve the ECG waveform.  
 
The Video Mobile Unit 
The video mobile unit is made up by two environmental cameras with a frame rate of 25 fps and a 
resolution of 640x480 for video recording. The cameras are wired and synchronized with the 
system to contextualize the neurophysiological parameters with the behavior of the child. In this 
way, the recorded video footages can be annotated, and corresponding EEG portions can be 
extracted and analyzed. A software annotation tool is used for data labeling. In the project, a 
prototype based on the Dante annotation tool (Cruciani, Donnelly, Nugent, Parente, Paggetti & 
Burns, 2011) has been implemented in order to focus the data labeling process on the behavioral 
analysis and in particular for autistic children. With the aim of building an exploitable research tool 
to investigate EEG signal, inexpensive webcam have been used as video capture device (Microsoft 
LifeCam HD-5000 http://www.microsoft.com/hardware/en-us/d/lifecam-hd-5000).  
 
The Central Unit 
The Central Unit (CU) (OS: Win8, RAM: 4 GB, CPU: Intel Core i5-3450 - 3.1 GHz - 4 core), is 
positioned into clinician’s room and enables the doctor to monitor the child during therapy and the 
neurophysiological signals. The clinician’s room is located next to the therapy’s room allowing the 
Bluetooth data transmission from the biosignal sensor unit and the video mobile data recording. 
Raw data are displayed real-time within four windows (e.g. ECG, EEG, Videos) as shown in Figure 
5.  
 
After data collection, the data analysis toolbox (see details in section below) running in the CU is 
able to analyze and process the collected data off-line by combining different data as a whole data 
source. The CU provides a client with a unique entry point to require data from different sources. 
The application manages security and privacy, real-time streaming and data synchronization. The 
CU manages the connection between the monitoring interface and the set of biosignal sensors and 
video mobile units, in particular the CU is responsible for notifying the “Start Session” message to 
all the recording units (RUs) involved and initializing each new session. The CU communicates 
with each RU over TCP/IP or UDP/IP. Sockets in the CU and each RU are designated to send and 
receive communication packets. The RUs set listeners to await control signals from the CU. All 
communication between the CU and the RUs is transmitted in a validated XML format v1.0 as in 
the example provided below: 
<?xml version="1.0" encoding="UTF-8"?> 
<commands> 
 <recordingUnit name=”RU1 - ECG”/>  
<command type="start"/> 
<sessionInfo> 
       <option name="patientID"/> 
       <option id="sessionID"/> 
<option therapyLevel = “level”/> 
  <option timeStamp = “time”/> 
</commandsessionInfo> 
</commands> 
 
Finally, the CU is responsible to sinchronize the local store of the raw data (ECG, EEG, Video). 
Data analysis toolbox 
The collected data can be loaded and querying with a data analysis toolbox for data visualization, 
segmentation and feature extraction. The toolbox is developed as a research tool in order to 
investigate physiological and behavioral parameters correlated with the improvement of social 
interaction and imitation of the child during treatment sessions. It provides controls for manual 
video segmentation and annotation at the end of each therapeutic session. In particular, the clinician 
can load a video attributing to each significant event (behaviors, child’s initiations/responses) the 
appropriate meaning. The toolbox is also provided of dedicated algorithms developed in Matlab
TM
 
aimed to extract quantitative features from neurophysiological data recorded during the observation 
or treatment sessions. This section consists of two GUIs dedicated to the analysis of EEG data and 
the other to the analysis of ECG signals. 
 
Video analysis 
The behaviors considered for the analysis of sessions are listed in a coding scheme used by the 
clinicians to examine the child behavior. The coding scheme for the annotation of one-to-one 
sessions, is a set of behavioral features with focus on imitation and joint attention. The grid 
considers behaviors of interest for the two subjects: the therapist and the child. Each behavior is 
further specialized by a set of modifiers providing refined information on the occurred event (see 
Table 2).  
 
The characterization of the behaviors and the monitoring of progress is made through statistical 
analysis of these behavioral features. In this respect, some features are considered as instantaneous 
features, while others represent a state of the subject that persists in time. The features related to the 
Social Engagement belong to this second group, i.e. for Engagement and Dis-Engagement the 
session’s score is a percentage on the overall duration of the session, e.g. 60% Engagement – 40% 
Dis-Engagement. For all other behavioral features, the metrics used is the rate per minute, i.e. the 
number of occurrences per minute. 
The software annotation tool supports modification and visualization of annotations, and the 
integration of EEG/ECG data. 
The annotation tool provides a Graphical User Interface to re-play video of recorded session, while 
examining annotated data, as shown in Figure 6. 
 
As illustrated in the Figure 5, the left part of the annotation window contains the video player 
commands to play/pause the video. It is possible to move the video backwards/forwards by a single 
frame at a time, or move to an arbitrary point in the video by moving the slider under the button. It 
is possible to change the playback speed setting to 1x, 2x, 3x, or 4x. Audio playback is available 
only when video playback occurs at normal speed. 
A manual annotation grid includes the child and therapist behaviors of interest for behavioral 
analysis of the one-to-one session, as defined in the coding scheme. Through the annotation of 
behavior, each therapy session can be analyzed to provide contextual information on significant 
behaviors of the child, useful for exploratory analysis of EEG/ECG signal. 
The grid distinguishes between “States” and “Behaviors”. States identify behavioral states of a 
subject that persist for a given duration in time, for example Engagement and Dis-Engagement 
(Figure 7). States are always considered as mutually exclusive. In contrast, Behaviors are always 
considered as instantaneous events, meaning that the corresponding event will have the same 
timestamp for Start Time and End Time. The list of States and Behaviors shown on the interface 
can be modified through configuration files. 
EEG analysis 
The prerequisite for analyzing the brain waves is to remove noise and artifacts from the raw EEG 
signal. After the pre-processing step, the signals are processed in order to extract quantitative 
features. Typical artifacts can be categorized in two classes: system and physiological artifacts. The 
system artifacts include interference due to the power supply, cable defect and electrical noise due 
to other components. On the other hand, the physiological artifacts originate from muscle 
movements, eye blinks, sweating etc. Typical noise components considered here are low-frequency 
breathing noise and the high-frequency random noise. The recorded EEG signals are high passed at 
0.5 Hz to get rid of noise from breathing and low passed at a cut-off frequency of 70 Hz to get rid of 
the high frequency noise. A 50 Hz Notch filter is also applied to remove power line interference. In 
order to remove residual artifacts, an artifact separation algorithm has been implemented according 
to the Independent Component Analysis (ICA) (Iriarte et al., 2003). ICA decomposes the signal in 
different bands so that the bands corresponding to artifacts can be eliminated and an artifact-free 
signal can be reconstructed. Artifacts usually have higher amplitude than that the typical EEG 
signal so a standard way to separate artifacts is decomposing the signal into different independent 
component and calculate the power for each independent component. The independent components 
with the highest spectral power are then eliminated and the signal is reconstructed from the residual 
components. 
The feature extraction step is performed by a power spectral analysis technique, which allows the 
computing of PSD. In Figure 8 the GUI implemented in Matlab
TM
 for the quantitative analysis of 
EEG data is shown. 
 
The PSD is evaluated by transforming the signal from the time domain to the frequency domain 
choosing between the Fast Fourier Transform (FFT) or the Welch method (Welch, 1967). First of 
all the absolute total power of the signal and the absolute power of each band are computed for each 
electrode. The boundaries of the bands are tuned for each subject according to their age. Usually it 
is correct to refer to the relative power of each band instead of the absolute power, because relative 
measures have less variability among different subjects. For this reason the power ratios among 
bands, that show less variability among subjects and are less affected by artifacts, are also 
computed. Power ratios are expressed as a percentage, and are obtained by dividing the absolute 
power of a specific band by the total absolute power of the spectrum. Two plots are shown 
reporting respectively the values of absolute and the value for each channel for each EEG band. The 
spatial information is derived from QEEG data through symmetry and coherence analysis. The 
Brain Symmetry Index (BSI) (van Putten et al., 2004) captures a particular asymmetry in spectral 
power between the two cerebral hemispheres, and is normalized between 0 (perfect symmetry) and 
1 (maximal asymmetry). Asymmetry is defined by the difference on the EEG absolute power 
between homologous contralateral electrodes and it is calculated as (John et al., 1977): 
 
)()( RHLHRHLHBSI                                     (4) 
 
where LH is the absolute power at one electrode in the left hemisphere and RH at its homologous 
electrode in the right hemisphere. In the software he BSI is calculated within each EEG band 
considering the total power in left and right hemisphere (sum of all the electrodes). Values of BSI 
are obtained both with absolute and relative powers and are represented as histograms. The 
coherence function gives an estimation of the linear correlation between two signals collected at 
two different scalp points as a function of frequency (Otnes & Enochson, 1972). Coherence is 
calculated for each pair of electrodes to the normalized cross-spectral density function and is a 
measure of phase locking. The coherence between electrode 1 and electrode 2 is given by the 
following expression: 
 
C12 =
P12 ( f )
2
P11( f )P22 ( f )                              (5) 
 
where P12( f )  is the cross-spectrum for the two electrodes while P11( f ) and P22( f ) are the spectra 
related to electrode 1 and electrode 2 respectively. Also coherence are calculated within each 
frequency band of QEEG signal. Coherence data are presented as a matrix for each band in which 
electrodes are displayed on the x-axis and on the y-axis. Elements of the matrix represent color-
coded coherence values between the electrodes. The diagonal represents each channel's coherence 
with itself, which is always 1. Furthermore, the coherence values on either side of the diagonal are 
mirror values. For a detailed description of QEEG methods see Tong & Thakor (2009). 
 
ECG analysis 
ECG signals collected from the ECG chest belt are sampled at 250 Hz and pre-processed through a 
stepwise filtering process aimed at removing typical ECG artifacts and interferences. In particular, 
the baseline wander due to body movements and respiration artifacts are removed using a cubic 
spline 3rd order interpolation between the fiducial isoelectric points of the ECG (Jane, Laguna, 
Thakor & Caminal, 1992). The power line interference and muscular noise is removed using an IIR 
notch filter at 50Hz and an IIR low pass filter at 40 Hz. Following the pre-processing step, the Pan-
Tompkins method is applied to detect the QRS complex (Pan & Tompkins, 1985) and to obtain the 
tachogram. From the QRS complexes over time the tachogram and the HRV were extracted 
according to the International Guidelines of HRV (Malik, 1996) 
In Figure 9 the GUI for the ECG processing is depicted. The GUI is divided into three sections: 1) 
ECG with QRS recognition (identified with red stem) and extraction of RR interval series; 2) RR 
series pre-processing, where artifact can be removed automatically or after manual selection by an 
expert user; 3) Feature extraction section reporting statistical time domain parameters (mean, 
standard deviation, variance coefficient, maximum, minimum, dynamic range, percentiles, etc.) and 
frequency domain parameters for each frequency band, low frequency (LF: 0.03-0.15 Hz) and high 
frequency (HF: 0.15-0.40 Hz), included absolute powers, peak frequencies (Max LF and Max HF) 
and the LF/HF power ratio. These features can be extracted using PSD analysis according to three 
different spectrum estimation options: the Welch transformation (Welch, 1967), the Lomb-Scargle 
periodogram (Lomb, 1976; Scargle, 1982) and the Burg spectral estimation (Burg, 1975). The 
power of each band is normalized in respect to the total power of the spectrum. 
Another relevant feature can be extracted: the respiratory sinus arrhythmia (RSA). RSA refers to the 
periodic fluctuations in heart rate that are linked to breathing. RSA is largely determined by vagal 
influences on the heart, and as such provides a noninvasive index of parasympathetic activity, social 
functioning and cognitive performances. A growing body of theory and research suggests that RSA 
figures prominently in emotional responding, even if its exact role remains unclear (Patriquin, 
Lorenzi, Scarpa & Bell, 2013a; Patriquin, Scarpa, Friedman & Porges, 2013b). Moreover, other 
nonlinear parameters can be extracted, i.e. the Poincaré Plot, a graphical representation created by 
plotting all RR(n) on the x-axis versus RR(n+1) on the y-axis. Then, the data are fitted using an 
ellipse projected along the line of identity and extracting the two standard deviations (SD) 
respectively (Brennan, Palaniswami  & Kamen, 2001).  Another index reported that measures the 
global sympathetic-parasympathetic equilibrium in the analyzed portion of tachogram is the ratio of 
areas extracted from a LF/HF ratio curve. The marked line is an equilibrium threshold, which 
indicates where the LF/HF ratio equals the identity. Above this line, the curve reveals sympathetic 
dominancy. Below the threshold, the parasympathetic influence is dominant. 
 
 
 
 
Experimental setup 
The child involved in the experiment is asked to wear the integrated system and is administered a 
semi-structured protocol based on imitation (IM) and response to joint attention (RJA) in the 
context of a play-based setting. Each session takes about 20 minutes. A baseline recording of the 
integrated system is obtained before starting each session by having the child sit quietly on a chair 
for 2 minutes. 
The IM task is realized according to two different paradigms. In the first one, the child is instructed 
to imitate simple actions with real or symbolic objects. The task is presented in the same format as 
Module 1 of the ADOS-G using the same objects (Lord et al., 2000). The second task is based on 
‘Imitation of Hand Postures’ of NEPSY-II (Korkman, Kirk & Kemp, 2007; Narzisi, Muratori, 
Calderoni, Fabbro & Urgesi, 2013; Urgesi, Campanella, & Fabbro, 2011;). It evaluates ideomotor 
praxis abilities and requires imitating, with both the dominant and non-dominant hand, various 
meaningful and meaningless hand/finger positions demonstrated by the examiner. 
RJA is elicited by the examiner through the Early Social Communicative Scale (ESCS; Mundy et 
al., 2003) based activities: (1) the examiner points proximally to a page of a picture book, and (2) 
the examiner looks and points distally toward a poster on the wall, while calling the child’s name. 
RJA is quantified as the proportion of examiner’s solicitations to which the child responds, as 
evidenced by the child turning his or her head and/or shifting gaze toward the examiner’s line of 
regard or toward the examiner’s pointed finger (Colombi et al., 2009; Mundy et al., 2003;) 
Furthermore, to increase the number of repetitions of the EEG signals, the IM and the RJA tasks are 
performed 2 times in each same session. 
All the sessions are video recorded and the EEG data are segmented looking systematically at the 
A-B-C chains, where the Antecedent is the examiner’s behavior (showing the actions for the IM 
task or calling the child’s name and pointing to the target object for the RJA task), the Behavior is 
the child’s response and the Consequence is the examiner’s feedback.  
In particular, data recorded in the RJA condition are divided into three segments: 1) examiner’s 
pointing and gaze shift; 2) child’s gaze-following and target fixation; 3) child’s gaze shift from the 
target. Data recorded during the IM task are segmented into two sections for each motor and object 
imitation: 1) action performed by the examiner; 2) imitation performed by the child. Each segment 
of the EEG and ECG data are integrated and analyzed with the analysis software in order to extract 
quantitative features characterizing the neurophysiological status of the child during each specific 
action or behavior. 
 
 
Pilot study 
The system was tested with the setup described above with one participant. The enrolled subject 
was an ASD child (M, age=8, FSIQ=87). The Stella Maris Scientific Fundation’s Ethics Committee 
approved the study and the parents signed a written consent form to participate.  
The ASD diagnosis was formulated according to the DSM-IV-TR criteria (American Psychiatric 
Association, 2000) and confirmed by the ADOS-G (Lord et al., 2000) and ADI-R (Lord, Rutter & 
Le Couteur, 1994). A multidisciplinary team - including a senior child psychiatrist, and 2 clinical 
child psychologists experienced in ASD – conducted the diagnostic assessment during a 5-day 
extensive evaluation. The Wechsler Scales were used to assess the Full Scale Intelligence Quotient 
(FSIQ). 
In this preliminary test the acceptability of the system by the child, the synchronization of the 
signals among the recording units and data analysis capabilities of the developed toolbox have been 
evaluated. 
The child well accepted the system, not showing sensory-motor and/or behavioral issues in wearing 
the wearable devices and completing all presented tasks. We were able to present tasks within a 
friendly and supportive environment without any difficulties or constraints.  
The system enabled the synchronization of the video with the autonomic and cerebral signals in 
order to link specific tasks and behaviors of each child with their physiological response. 
We used labeled data generated through Manual Annotation to validate the system. In particular, 
the synchronization between Video and the rest of the signals was crucial, since the video was the 
reference for the validation process. However, the required constraints on synchronization where 
not particularly strict considering that: 
 The Video footage which is the reference has a frame rate considerably smaller compared to the 
EEG sample rate (25 vs 500 Hz) 
 Even in behavioral annotation performed by a trained psychologist a lag of 1 second is 
acceptable 
With these two assumptions, the residual synchronization error due to the latency time between the 
sampling of data and the reception by the synchronized machine is marginal considering that, 
whatever is the instant annotated as the start of the behavior, we have to consider a time window of 
+/-1 second. 
The performed synchronization tests have been performed by inserting a spike in the signal and 
comparing the video timestamp with the sensor data timestamps. The resultant accuracy with this 
setup is in the order of tenth of second, which is acceptable for our purpose. 
Regarding to the EEG analysis we observed that the ICA based artifact separation algorithm 
allowed biological artifacts such as eye-linking and muscular activity to be removed. 
Quantitative analysis of EEG data allowed extracting features characterizing brain activity and 
connectivity during the different tasks. During the observation and imitation of actions a low alpha 
activity in both conditions was observed (Figure 11) as observed by Pineda (2005). Moreover, 
comparing the two conditions, it has been noticed that during imitation, the δ and θ band powers are 
increased with respect to the observation in most of the channel in agreement with Klimesh, 
Schimke & Schwaiger, 1994 and Harmony et al., 1996). In particular an increase of power is 
observed in the frontal and central areas. 
 
Results 
As regards coherence, α coherence was stronger during observation than during imitation tasks as 
suggested by van der Helden, van Schie, and Rombouts (2010) (Figure 12). 
From the analysis of the collected ECG signals we observed that when the children perform the task 
there is a local reduction of LF/HF ratio, while when the task is not executed we observe an 
increase of this parameter in agreement with Toichi and Kamio (2003) for which some individuals 
with autism may not be adequately relaxed under seemingly ‘resting’ conditions, and that they 
might obtain relaxation by devoting themselves to a certain activity.  
 
Discussion and Conclusion 
The aim of this study, was to develop and test innovative technologies to overcome some 
limitations of the present applications of QEEG, such as the artificial and constrained situations in 
which data are acquired and the need of a special compliance from the subjects, which made it not 
feasible to be done with young children, so far. 
This preliminary work represents the initial step of the MICHELANGELO project to study social 
cognition from an interactor's point of view, based on the assumption that there is something 
fundamentally different when we are actively engaged with others in real-time social interaction as 
compared to when we merely observe them (Pfeiffer et al., 2012). 
In this study we developed an integrated technological platform for the acquisition of 
neurophysiological signals in a semi-naturalistic setting where children are free to move around, 
play with different objects and interact with the examiner. Particular efforts have been provided to 
customize the hardware ECG, to integrate the videos, the ECG and the EEG units and to realize a 
user-friendly toolbox for data analysis.  
The wireless EEG cup (Enobio) and the small chest strap containing the ECG demonstrated how 
low invasive tools can be suitable for children at very young ages and can be used with semi-
naturalistic paradigms. The interaction with the examiner rather than with a screen is another very 
important feature of the present study, and allows recreating a more real situation with social 
interactions and cues. In this paradigm, we can assume that the signals acquired from the brain and 
the autonomic system, are much more similar to what is generated while the child interacts in 
common life situations. This setting, with a relatively simple technical implementation, can be 
considered as one step towards a more behaviorally driven analysis of neurophysiological activity. 
The revision of the state-of-the-art on QEEG in autism showed the importance of this technique for 
the assessment of brain connectivity and for the developing of an individualized treatment program. 
Previous QEEG studies show how autistic children have differences in power spectra, coherence 
and symmetry measures with respect to controls (Cantor & Chabot, 2009). This is true both when 
signals are acquired in a resting condition, with open or closed eyes, and when specific tasks are 
performed (Cantor & Chabot, 2009). Furthermore, it has been observed that it is possible to link a 
specific pattern of brain activation, characterized by specific features, to certain specific behaviors.  
Some important issues emerged from this first experiment. First of all, the importance of adding an 
eye-tracking in the acquisitions, especially in the joint attention task. The employment of an eye-
tracking system could be crucial in order to identify exactly the beginning of child’s eye gaze shift, 
which represents the start of joint attention, the saccades and the target fixation and finally the gaze 
shift from the target, which corresponds to the end of the joint attention. If these time points are 
correctly identified the segmentation of the EEG signals can be done much more accurately. 
Furthermore a standardized objective and clear distinction of the different phases of each task (for 
example observation and imitation) promotes rigorous segmentation of the signals. The definition 
of these phases could be done not only with manual markers but also with automatic or semi-
automatic action recognition from the video recording. As emerge from the literature, QEEG 
features extracted in different conditions (for example during the observation of an action or the 
performing of an action) can be different. For this reason it is important to separate different 
conditions and analyze the corresponding signals separately. 
The analyses performed of QEEG data, both using the standard spectral and coherence analysis, as 
well as more advanced non-linear techniques, such as entropy and microstates, can be used to 
extract from signals information and features, linked to behavior, not yet characterized. The features 
extracted from ECG analysis, very novel to be applied to the ASD field, have the big potential to be 
used as a valid marker to evaluate the engagement and the social interaction of the child in real 
time.  
Further data collections will need to confirm this preliminary results, the accuracy of other extracted 
features and the possibility to correlate the ECG with the EEG information.  
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Abstract  
Background 
Meeting the required intensive intervention hour for treating autistic children is challenging in terms 
of trained manpower needed and costs. Advances in Information Communication Technology and 
computer gaming may help in this respect by creating a nomadically deployable closed loop 
intervention system involving the child and active participation of parents and therapists. 
Methods 
An automated serious gaming platform enabling intensive intervention in nomadic settings has been 
developed by mapping two pivotal skills in autism: Imitation and Joint Attention (JA). 11 games – 
seven Imitation and four JA – were derived from the Early Start Denver Model (ESDM). The 
games involved application of visual and audio stimuli with multiple difficulty levels and a wide 
variety of tasks and actions pertaining to the Imitation and JA. The platform runs on mobile devices 
and allows the therapist to (1) characterize the child’s initial difficulties/strengths, ensuring tailored 
and adapted intervention by choosing appropriate games and (2) investigate and track the temporal 
evolution of the child’s progress through a set of automatically extracted quantitative performance 
metrics. The platform allows the therapist to change the game or its difficulty levels during the 
intervention depending on the child’s progress.  
Results 
Performance of the platform was assessed in a 3-month open trial with 10 autistic children. The 
children and the parents participated in 80% of the sessions both at home (77.5%) and at hospital 
(90%). All children went through all games but, given the diversity of the games and the 
heterogeneity of children profiles and abilities, for a given game the number of sessions dedicated 
to the game varied and could be tailored through automatic scoring. Parents (N=10) highlighted 
enhancement in the child’s concentration, flexibility and self-esteem in 77%, 89% and 44% of the 
cases respectively and 55% observed an enhanced parents-child relationship. In addition 77% of the 
parents judged that the feasibility of treatment was not seriously hampered due to technicality of the 
platform. 
Conclusions 
This pilot study shows the feasibility of using the developed gaming platform for home-based 
intensive intervention. However, the overall capability of the platform in delivering intervention 
needs to be assessed in a bigger open trial. 
 
 
 
Background  
ASD and main roadblocks for efficient implementation of intervention  
Autism Spectrum Disorder (ASD) is a spectrum of neurodevelopmental disorders characterized by 
the presence of atypical social communicative interaction and behaviours [1]. Typically, ASD is 
diagnosed through behavioural analysis in the 3 – 5 years age range and, once diagnosed, its 
treatment is mainly delivered through behavioural intervention following different intervention 
models. In essence, these models try to teach a child cognitive and behavioural skills that are 
considered essential for independent living in the long run and various techniques have been 
developed over the years [2–7]. However, two major problems associated with such interventions 
are: 1) a person’s specific development intervention protocol, accounting for the actual difficulties 
and strengths of a child, needs to be designed to achieve maximal effects – ASD is a broad 
spectrum with significant inter-child variability and it has already been established that tailor-made 
personalized intervention may be more effective compared to any generic type of intervention [8], 
and 2) at least 20 hours/week are supposed to be needed for an intensive intervention [9]. 
Characterisation of a child is typically done through behavioural assessment by a trained therapist 
in clinical settings but such an approach is often prone to have subjective biases. To avoid such 
biases, one needs to employ a set of stimuli multiple times ensuring their repeatability and then 
extracting a set of objective measures for characterising the outcomes. Repeatability is an essential 
criterion in this case so that an average performance measure in a stimulus-specific way could be 
obtained reflecting the child’s actual ability for responding to the stimuli in question. Such 
repeatability in a strict sense is difficult and costly to achieve even by a trained therapist in a real-
life scenario. On the other hand, the 20 hours/week intensive intervention is also difficult to 
achieve. Firstly, it needs a trained therapist and, given the prevalence of ASD, the workload of a 
therapist could make the effective implementation of this strategy impractical. Secondly, the overall 
economic cost may lead to unsustainability. One way of reducing these problems is to involve 
parents/carers in the intervention protocol and thereby carry out a part of the intervention in home 
settings. This requires parent training and regular monitoring to check whether the parents are 
implementing and properly adhering to the intervention protocol outlined by the therapist. Again 
the economic implication of such process is quite substantial. 
In recent years, computer based approaches have been shown to be effective in improving the 
learning cognitive and social skills of children with various learning disability conditions [10–12]. 
In these methods the target intervention is mapped into a set of computer games and is thereby 
training the children since children enjoy playing games rather than going through the conventional 
learning process [13–15]. Motivated by these facts, we conceived a closed-loop system with 
computer gaming at its centre that may help in mitigating the major roadblocks for effective 
intervention delivery in ASD children.  
 
Conceptual system for closed-loop intervention system and its advantages 
The conceptual view of a closed-loop system that may enable effective intervention integrating both 
the home and clinical settings is shown in Figure 9. 
At the heart of the system is a computerized gaming library (GOLIAH – Gaming Open Library for 
Intervention for Autism at Home) which consists of a set of computer games created by mapping 
the desired intervention stimuli (Imitation and JA in this case) into the games. In theory, the library 
could be divided in two parts – characterisation games and therapeutic games – although they could 
be used interchangeably without loss of any generality. At the beginning the child would be asked 
to play a set of games carefully selected from the library by the therapist for characterising the 
child’s difficulties/strengths. Since a particular type of stimulus could be mapped in different ways 
in multiple games, this will allow using different games for ascertaining the child’s 
difficulties/strengths pertaining to a type of stimulus in a repeatable way without inflicting boredom 
on the child and thereby obtaining a much more precise average characterisation of the child. Once 
characterized, the therapist could choose appropriate games (designated as the therapeutic games 
for convenience) from the gaming library that the child needs to play at his/her home setting on a 
regular basis adhering to a protocol outlined by the therapist. The aim here is to enhance the 
cognitive performance of the child through playing these games at home so that the effective 
intervention hours could be increased. The games could be made flexible enough so that the child 
may play the games with his/her parents (actively involving the parents without requiring an 
extensive training process) on a regular basis and with the therapist remotely connected through the 
internet at pre-scheduled times. The gaming system could have an automated evaluation process 
embedded in it that would extract a set of quantitative evaluation metrics characterising the child’s 
performance with each game and thereby providing the temporal evolution characteristics of the 
child’s performance. On the other hand, the parents could also assign a score manually according to 
a scoring criterion suggested by the therapist to signify how the child’s performance has evolved 
against each stimulus according to their own perception. All the automated and manually evaluated 
scores could be transmitted to the therapist who may compare them to check, on one hand, how the 
child is improving and, on the other hand, whether the parents are adhering to the prescribed 
protocol truthfully. This could act as the basis of the evaluation by the therapist when he/she plays 
the game remotely with the child at a pre-scheduled time. Depending on this final evaluation the 
therapist may choose a set of different therapeutic games from the gaming library once the child 
achieves the target set by the therapist and the whole process may continue. This closed-loop 
approach may help in alleviating several problems currently encountered by the autism therapists 
and have many advantages as described below in Table 3.  
 
Instructional principles 
Improving social interaction skills of children with autism is a difficult task for their families as 
well as for well-trained therapists [16, 17]. Although ASD remains a devastating disorder with a 
poor outcome in adult life [18, 19], there have been important improvements in the condition with 
the development of various therapeutic approaches. The literature on interventions in ASD has 
become quite extensive, with increasing convergence between behavioural and developmental 
methods [20, 21]. The focus of many interventions is directed toward the development of skills that 
are considered to be “pivotal”, such as Imitation and JA [22–24]. 
Imitation plays a critical role in the development of every child. Several definitions of imitation 
have been proposed. However, no definition is universally agreed upon: (1) Thorndike [22] offered 
a definition based on visual aspects: “learning to do an action by watching someone doing it”. The 
visual aspect is highlighted in this definition. However, a full definition of imitation must consider 
multi-sensory aspects. (2) Wallon [24] defined imitation as a learning technique without reward (or 
reinforcement). (3) Whiten and Ham [25] defined imitation as the process by which the imitator 
learns some behavioural characteristics of the model. Imitation fulfils two essential functions for 
adaptation: it is used for learning and it serves to communicate without words [26]. When two 
children each use one of the two sides of imitation, they coordinate two roles: the model and the 
imitator.  Children are temporally synchronized because they are engaging in the same activity at 
the same time. There are several levels of imitation that constitute a continuum, from simple to 
complex and from familiar to the new. All of these levels have in common a response to the 
perception of movements or actions, finalized by the production of a similar behaviour. Compared 
to imitation, JA introduces a third partner during interaction. Emery defined JA as a triadic 
interaction that showed that both agents focus on a single object [27]. Agent 1 detects that the gaze 
of agent 2 is not directed at him/her and, therefore, follows the direction of the gaze to look at the 
“object” of attention of agent 2. This definition highlights a unidirectional process, unlike shared 
attention which appears to be a coupling between mutual attention and JA. Some authors [28] have 
argued that JA implies viewing the behaviour of other agents as intentionally driven. In that sense, 
JA is much more than gaze following or simultaneous looking [29].  
Lacks of Imitation and JA are the main problems when interacting with children with ASD. While 
playing a game or conducting other activities with a social partner, these children tend to not 
concentrate on what others are actually doing, switching to repetitive and stereotypical behaviours 
that are of interest for the child but that usually have no or few relations with the actual social 
context. Imitation is possible but the communicative value of early imitation seems poorly 
understood [26]. Also, children with ASD can display concerted attention to toys or objects that 
they like, but they have difficulties in sharing attention or interests with others [30]. For example, 
maintaining eye contact with the caregiver is especially complicated [31, 32] and the lack of JA is 
the consequence [33, 34]. 
Motivated by these facts, in this paper we propose a novel gaming library for early intervention in 
ASD children with the main aim of enhancing effective intervention hours and integrating the 
intervention delivery in the clinical and home settings without increasing the cost of delivery. 
Owing to the importance of Imitation and JA as core difficulties in autism, we mapped a set of 
related stimuli from the Early Start Denver Model (ESDM) protocol into the gaming platform that 
is flexible in nature and could be dynamically adjusted by the therapists. This program aims to meet 
the socio-emotional needs of children and their families, to identify and use validated and effective 
intervention techniques that are based on developmental needs [35]. The ESDM recently received 
strong evidence of its efficacy at the level of clinical outcome [36] and brain plasticity [2]. The 
major point to note here is that GOLIAH is not intended to replace one of the state-of-the-art 
intervention for autism but to supplement and expand it for achieving its maximal benefit. 
The purpose of the work is to design a novel computerized gaming platform that would allow: 1) 
delivering intensive intervention in nomadic environments for Imitation and JA tasks in autistic 
children and 2) tailoring and adapting intervention through child-specific characterization of 
difficulties. This gaming library is intended to form the heart of a closed-loop intervention system 
that could be deployed in home-settings with the target of increasing effective intervention hours 
without incurring significant costs. More specifically, a subset of ESDM [2] related to Imitation and 
JA is mapped onto a flexible computer game library containing a set of games with varying levels 
of difficulties that could be reconfigured dynamically by the therapist. 
 
Methods  
Software Design 
The game software has been developed in Microsoft Visual Studio 10 Platform in C# language. The 
platform has as many classes as the number of included mini-games; thus, creation of new games 
will not alter the existing ones. Real-time communication between two devices is performed 
through a multi-threading process which includes: (1) game flow thread in which all the game tasks 
are performed (including sending objects to the other user) and (2) receiving thread in which the 
objects sent by the other user are received and fire the semaphore in the game flow thread. The two 
players are connected to a server, developed in C#, which acts as a bridge between them. In fact, the 
objects exchange occurs through a Socket connection based on a TCP/IP protocol which ensures 
that the information exchange will not be lost during the transmission.  
 
Choice of stimuli 
The ESDM is a comprehensive behavioural early intervention protocol for autistic children. It uses 
a combination of developmental and behavioural techniques in both therapist and parent-
implemented early intervention models [37, 38]. It is an intervention for infants with ASD aged 12-
48 months that combines Applied Behaviour Analysis (ABA) with developmental and relationship-
based approaches. The intervention is provided by trained therapists (AN is a certified therapist 
from MIND Institute, University of California, Davis) and parents.  
Each child’s treatment program includes models based on: development, functional profile, 
relational patterns and modification of behaviours. The curriculum includes, among others, 
systematic activities on receptive and expressive communication, as well as social, play, cognitive, 
self-care and fine and gross motor skills. Particular attention is devoted to specific tasks regarding 
Imitation and JA. ESDM considers JA as an activity in which two subjects are engaged with each 
other in the same cooperative activity, attending to the same objects, or playing or working together 
on a common activity. A JA routine is made up of several phases: 1) the opening or set-up phase 
which involves the acts that precede the establishment of the first shared play activity based on the 
theme of the play. 2) The child and adult are engaged in a definable play activity, either object 
centred, like building blocks, pouring water, marking with crayons, or involving a social game like 
singing a song, dancing to music, or playing hide and seek. 3) The elaboration phase involves 
variation on the theme to keep it interesting or to highlight different aspects of the activity. This 
preserves the play from becoming repetitious and allows more skill areas to be addressed. 4) The 
closing is the fourth and final phase when attention is waning or the teaching value of the activity is 
all used up. It is a time to put materials away and to transit to something else. Closing allows nice 
transitions in changing activity, location and time.  
Regarding imitation, in the ESDM different tasks may be proposed to the children: (a) imitation of 
actions on objects, (b) imitation of gestures and (c) vocal imitation of sounds and words. During 
intervention sessions, children are asked to imitate conventional or unconventional actions with 
and/or without objects using or not the vocalizations.  
 
 
Mapping ESDM stimuli for Imitation and JA into a computerised gaming platform 
The Imitation and JA stimuli are mapped into 11 games: seven Imitation and four JA games. 
Although currently the proposed platform consists of 11 games, it is flexible enough for 
developing/adding new games according to the need. A list of the games and the ESDM stimuli 
they address is depicted in Table 4. In developing the games, special attention has been devoted to 
their realistic resemblance to the real-life scenario, more importantly emulating human-human 
interactions during the game playing phase. Each of the games incorporates different levels of 
difficulty ranging from the application of one stimulus to a combination of different stimuli. 
The seven Imitation-based games comprise of tasks involving the imitation of drawing, speech, 
sounds and building actions. For instance, the one related to the sound imitation (Imitation game 4) 
requires the child to repeat the sound played on the device. Whereas in the building action game 
(Imitation game 6) the child would build an object, starting from simple cubes, in a similar way to a 
normal session with Lego toys. The other four games are based on JA stimuli, including the 
identification of objects described or pointed to by the therapist/parent.  
 
The gaming platform 
The multi-player gaming platform developed here requires two computers – either tablets or 
desktop/laptop – that are connected remotely either by a Local Area Network (LAN) or Wi-Fi/3G 
allowing them to operate from two remote locations. One computer is operated by the therapist or 
parent (depending upon the application scenario) acting as the therapist/parent and the other by the 
child designated as the player. Currently the platform is implemented in three different languages 
(Italian, English and French) for providing instructions to the child although it has the flexibility of 
recording the instructions in any other language. 
The choice of the language, goal setting as well as the game to play (according to the desired 
stimuli) is made by the therapist/parent. The role of the player is to achieve the goal set by the 
therapist/parent at the end of the game. One category of the games is of stand-alone operation, 
where the therapist/parent needs to select an appropriate game from the pre-developed library and 
the player is required to execute the game following automated instructions embedded within the 
game. In the other category, the therapist/parent has an active role to play where he/she needs to 
cooperate with the child to achieve the goal of the game and has also the flexibility to create new 
stimuli. All the games have different levels of difficulty allowing the therapist/parent to adjust the 
initial level of difficulty according to the cognitive skills characterized by the therapist at the 
beginning of the treatment process or dynamically adjusting it as the player’s performance 
progresses with time.  
The performance of the player while playing the game could be assessed mainly in two different 
ways: (1) automated evaluation based on a predefined scoring convention and (2) manual 
evaluation by the therapist/parent. A scoring system of 0 to 2 has been implemented for this purpose 
where 0 means the player did not achieve the goal, 1 for partial achievement and 2 for successfully 
satisfying the goal. Without loss of generality, a more complicated scoring system could be 
programmed easily according to the need of granularity of assessing the achievement of the player. 
Apart from the simple scores describing whether the player has achieved the goal, a set of objective 
metrics and an array of possible events are also extracted by the platform in an automated way. A 
list of such objective measurements is given in Table 5 along with their definitions. 
This set of objective metrics allows the therapist to analyse quantitatively the performance of the 
player in a stimulus-specific way not only at a particular time point but also the progression of the 
child’s performance over a time window (hours, days, months, etc.) giving a holistic picture of the 
child’s development. In addition, this also allows the therapist to ascertain the appropriateness of 
scoring and adherence to the prescribed protocol by the parents. Such analysis could be done both 
online and offline by the therapist as the metrics are stored each time the player plays the game.  
The gaming platform provides a flexible means for giving a reward to the player on successful 
completion of the goal capturing the essence of reward-based intervention. In the current version a 
smiley face is shown at the end of each game in the player’s device, regardless of the score obtained 
as a positive reinforcement which also gives an impression of feedback to the player. Such feedback 
is once again programmable and an appropriate reward could be set by the therapist depending on 
the player’s motivation factors (such as playing music that the child likes, etc.).  
 
Descriptions of the games 
At the start of the game, the main window, shown in Figure 10 will appear on the therapist/parent's 
device. He/she will first choose the language in which the stimuli and instructions will be played. 
Thereafter, the therapist/parent selects the desired game which will automatically be launched on 
both devices.   
Here we report only the description of two games (Free drawing and Bake a recipe) that we use to 
illustrate the children’s performances through sessions of both Imitation and JA (a detailed 
description of all other games is reported on Supplementary Materials GamesDescription.doc). 
Joint attention game 3 – Bake a recipe 
This game is targeted to cook a recipe by mixing six ingredients in a bowl, as shown in Figure 11. 
The therapist/parent selects the recipe to cook among 11 dishes from a standardized library, which 
includes pizza, tiramisu’, lasagne, omelette, roasted chicken, pasta, etc. For each of the six 
ingredients, as soon as the therapist/parent clicks on it, an arrow connecting this ingredient to the 
bowl appears on the player’s device, as shown in Figure 11. The player needs to drag the 
ingredients into the bowl. When all the ingredients have been dragged into the bowl, the player has 
to click on the Mix button and, finally, he/she has to choose the recipe they cooked among seven 
dishes.  
As before, an event with positive or negative score is generated each time the player clicks on an 
ingredient and drags it into the bowl, as well as when the correct recipe is recognized. 
 
Imitation game 1 – Free drawing 
This imitation game is intended for examining the player’s ability to imitate several objects drawn 
by the therapist/parent, starting from very basic drawings, such as scribbles and dots, to very 
complicated, like letters and numbers. The whole process of this game is shown in Figure 12, where 
the blue window indicates the therapist/parent’s window and the red window indicates the player’s 
window. Once launched, a window will appear on both therapist/parent and player’s device with 
clearly marked separate drawing panels. The therapist/parent can draw any object of any shape in 
the panel dedicated to him/her (on the right). Once completed, the therapist/parent’s drawing 
appears on the player’s device and the player needs to imitate that drawing in his/her dedicated 
panel (on the left). The live outline of the player’s drawing will appear on the therapist/parent’s 
device. Depending on whether the drawing is correct or not, the therapist/parent can decide to finish 
the game (by clicking on the tick button) or encourage the player to have another try (by clicking on 
the cross button). The quality of the imitation will be evaluated by the therapist/parent among three 
possibilities: correct, incorrect or partially correct. To avoid discrepancies and to create 
normalization, the therapists involved in this study have reached an agreement, according to the 
ESDM, on how to evaluate the drawings and train the parents to adhere to it. 
 
Results and Discussion 
Validation by testing with children 
We tested the software in a 3-month open trial with 10 children with ASD (all boys, aged 5 to 9 
years) to assess the performance of the software itself. All children were recruited in the 
Department of Child and Adolescent Psychiatry, Hôpital Pitié-Salpêtrière, Paris and in the 
Department of Child Neuropsychiatry, Stella Maris Institute, Pisa. The study was approved by the 
local ethics committees of each institution and was in accordance with the declaration of Helsinki. 
Each child or parent gave informed written consent before inclusion. Clinical characteristics of the 
children are given in Table 6. Children used the software for 1 hour/day 5 times a week, four 
sessions being with one of the parents at home, and one session at the clinics with a trained 
therapist, as described in Table 7. This open-trial aimed at assessing (1) the usefulness of the 
gaming platform with children-therapist interactions as well as with children-parents, (2) whether 
tailored intervention was compatible with at home use and non-professional therapist/parents and 
(3) whether children performed as expected when using the different Imitation and JA games. To do 
so, we used both objective data computed from the platform and clinical annotations produced by 
therapists during weekly sessions at hospital. (4) Finally, subjective views from users were also 
explored through a questionnaire. 
At the beginning of the study, 3 month open trial was planned to have 60 sessions (four sessions at 
home per week + one session at the hospital per week = five sessions per week x 12 weeks = 60 
sessions). To assess in detail the usability of the gaming platform we planned a systematic 
recording of the number of times each game was played in each session by each of the ten children 
included in the 3-month study period. Details are shown individually in Table 5. Overall, the 
children and the parents participated in 77.5% of the planned sessions at home and in 90% of the 
hospital sessions.   
During the study period, all children went through all games (seven Imitation games and four JA 
games). Given the diversity of the games and the heterogeneity of children profile and abilities, for 
a given game the number of sessions dedicated to the game varied. Also given the levels of 
difficulty within a game, all the conditions of the games have not been exploited by the children at 
the end of the 3 months. All games were well tolerated and followed both by children and parents 
showing the robustness of the gaming platform and the feasibility of the course of the games. One 
family initially had troubles in using the two tablets system related to Wi-Fi connecting problems 
that could be easily corrected. Tailoring treatment during the hospital session and data transfer from 
home was easily achieved. 
 
Children’s performance through sessions and games 
We selected two games to illustrate the children’s performances through sessions of both Imitation 
and JA by using either quantitative or qualitative scoring. Our goal here was to verify how 
meaningful were the scores we extracted from each game session to follow the child’s progress or 
difficulties. 
 
Bake a recipe (Joint attention game 3 – quantitative scoring) 
Figure 13 and Figure 14 show children’s performances for the JA game 3 - Bake a recipe. Figure 13 
represents the evolution of the time (in seconds) to complete the task for the JA game 3. For one 
session (Ti, Ti+1 …), completion time is averaged, as the children practice the game several times 
during one session. As sessions progressed over time, children become faster to achieve the task. 
Each line corresponds to the evolution of the task completion time across different sessions for a 
given child. The red dot curve represents the evolution of task completion time averaged for all 
children (N = 10): a common overall decrease is observed in all subjects. To assess whether the task 
completion time significantly decreased over the sessions, we used a linear mixed model with the 
Log (time to complete the task) to be explained by the number of sessions as a continuous variable. 
The Log function was required to have a normal distribution. We found that the time to complete 
the task significantly decreased along sessions (ß = -0.021, t value = -5.53, p < .001). 
In parallel, the number of errors decreased also over time (Figure 14). For this game, the mistakes 
which have been taken into account are: wrong and fake answers during the first “mixing 
ingredients” phase of the game (when the child selects the wrong ingredient or when he presses one 
or several wrong ingredients after selecting the correct one) and wrong answers during the “choose 
recipe” phase of the game (when he/she has to guess the cooked recipe). For reasons of readability 
of the boxplot type graph (Figure 14), the sessions have been grouped into four periods (period 1 = 
T1, T2, T3, T4; period 2 = T5, T6, T7, T8; period 3 = T9, T10, T11, T12; period 4 = T13, T14, T15, 
T16).  
According to our data, the children who had already good performances at the beginning (Period 1), 
kept their performances constant all along. But there is an important decrease of the number of 
errors per child across the four periods, particularly for the children who committed several 
mistakes initially. At the end (Period 4), the number of mistakes is very low for all children. To 
assess whether the number of errors significantly decreased over the number of sessions, we used a 
linear mixed model with a binomial variable (the probability of correct answers) to be explained by 
the number of sessions as a continuous variable. We found that the probability of correct answers 
significantly increased with the number of sessions (ß = 0.039, z value = 2.78, p = .005). In sum, for 
this game, the results after 3 months training are promising. 
 
Free drawing (Imitation game 1 – qualitative scoring)   
For the second game (Imitation game 1- Free drawing), the evolution of performances is illustrated 
from the results of one child, since the results are mainly qualitative and it is difficult to compare 
the drawing performances of one child with another (complexity of pictures, differences in drawing 
time, differences in fine motor skills, etc…).  
Figure 15 shows that the child becomes faster at reproducing the drawing model  
(R² = 0.867). In addition, the quality of imitation improved throughout the sessions as shown by the 
evolution of the imitation scores (given by the therapist/parent) in Figure 16. The quality of the 
imitation is evaluated by the therapist/parent among 3 possibilities: correct (score 2), partially 
correct (score 1) and incorrect (score 0). The average score (av = 1.7) during the third period (T7-
T9) is closer to the maximum score (score 2) and different from the initial scores for the periods T1-
T3 (av =1.1) and T4-T6 (av = 1.1). Furthermore, the child needs fewer trials to reproduce the 
therapist/parent’s drawing. As an illustration, Figure 17 represents the evolution of child’s imitation 
skills in drawing across the 3 periods. 
 
Parents experience and view 
At the end of the 3-month open trial, a web questionnaire was sent to the parents of children 
participating in the open-trial (10 parents). The questionnaire contained 12 questions with a positive 
or negative orientation toward the serious game (see details at https://goo.gl/foMpPI). The questions 
interrogate about the use of the game (ease of use for parents, chosen media, technical problems, 
etc…) and the improvement of child’s capacities (concentration, attention, imitation, self-esteem, 
etc…). The parents had to answer through a Likert scale from 1 to 5 (1 = strongly disagree, 2 = 
disagree, 3 = no opinion, 4 = agree, 5 = strongly agree). Results are summarized in Figure 18 and 
show that parents have positively assessed the use of the serious game as a treatment. 67% of 
interrogated families did not observe a decrease in the child’s motivation to work on tablets; 44% of 
them were not particularly disturbed by the constraints on daily activities caused by the use of the 
serious game on tablets and 33% judged that the feasibility of treatment was not seriously hampered 
due to technical problems. The media (digital tablet) was not considered as too stimulating by 89% 
of the families and more than 67% of them thought that there was a specifically attractive aspect 
related to the media itself. Only one negative point was noted: 44% of the parents found that the 
games were inadequate given their children’s profile. This point was not a surprise since, for this 
preliminary study, we recruited older children compared to both ESDM and game objective to 
assure enough game journey per kids to test the game.  
Concerning progress on children’s skills, it seems that there is not so much progress on Imitation 
since the majority of the parents (67%) had no specific opinion on this topic. On the contrary, JA 
(spontaneous sharing) seemed to be slightly ameliorated (33% agreement). Interestingly, some 
skills that were not directly trained by the games strongly evolved during the course of the 3-month 
open trial according to parents: child’s self-esteem, child’s concentration and child’s flexibility. 
Moreover, the quality of parents-child relationship was qualified as enhanced for 56% of the 
parents.  
Conclusions  
In the current paper, we described a gaming platform for home-based intervention in ASD. Within 
the context of a pilot open trial, we showed the feasibility of the intervention. We found that (1) the 
gaming platform was useful during both children-therapist interaction at hospital as well as 
children-parents interaction at home, (2) tailored intervention was compatible with at home use and 
non-professional therapist/parents, (3) children performed as expected when using the different 
Imitation and JA games and no game appeared inaccurate, (4) data computed from the platform and 
clinical annotations produced by parents and therapists allowed session to session monitoring and 
helped therapists to dynamically reconfigure treatment and (5) subjective views from users (mainly 
parents here) were overall positive. From the clinical point of view the most important benefits of 
this novel method of intervention for children with autism are: a) the rapid performance 
amelioration on tasks based on Imitation and JA that are considered pivotal for children with 
autism; b) to create a scenario where the spontaneous, and usually lone, activity with video games is 
easily pushed to become a shared activity; c) a general amelioration of attention and availability to 
discuss the results of a performance. Nevertheless, some limitations must be considered. First, the 
lack of more precise and external evaluation of improvements in Imitation and JA with specific 
methodology; second, a deeper analysis of the minority of parents who have signalled difficulties in 
applying GOLIAH is needed to individuate for which child and for which family it could be more 
indicated. Given the promising preliminary results, we are moving now within the context of FP7 
MICHELANGELO project to further ascertain the efficacy of the gaming platform in the context of 
a bigger (N = 30) and longer (6 months) clinical trial including a control group. Besides Imitation 
and JA, two cognitive skills directly targeted within the gaming platform, we plan to use external 
primary variables (i.e. Vineland scores and Social Communication Questionnaire) to assess 
generalization. 
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Abstract  
Background: To meet the required intensive intervention hour for treating autistic children, we 
developed an automated serious gaming platform (11 games) for delivering children with autism 
spectrum disorder  (ASD) intensive intervention at home (GOLIAH) by mapping the Imitation and 
Joint Attention (JA) subset of stimuli from the Early Start Denver Model (ESDM) intervention. 
Here, we report the results of a 6-month matched controlled trial testing the use of GOLIAH as an 
adjunct treatment. 
Methods: From two specialized clinics, we included 14 children (age range: 5 to 8 years) with ASD 
and 10 controls matched for gender, age, sites, and treatment as usual (TAU). All patients received 
TAU according to severity, comorbidity and availability. In addition patients from the experimental 
group received four 30-minute sessions per week at home and one at hospital with GOLIAH for 6 
months. 
Results: At end-point, patients in the experimental group improved time to perform the task in 3 
among 4 JA games and imitation scores in 4 among 6 imitation games during training (taking into 
account both difficulty levels and number of items). We found a significant improvement for 
Autism Diagnostic Observation Schedule (ADOS) scores, Vineland socialization score, Parental 
Stress Index total score, and Child Behavior Check List internalizing, externalizing and total 
problems (all p<.05, Linear Mixed Models, time effect); meaning that treatment given in both 
groups was positive. There was only a statistical tendency for Social Communication Questionnaire 
score (p=0.054). However, we found no significant change for group effect (all p>.05, Linear 
Mixed Models). Also, GOLIAH intervention did not affect Parental Stress Index scores. 
Conclusions: These encouraging results, both in terms of changes by using the gaming platform and 
adverse outcome (lack of parental stress increase) should now be replicated in a large randomized 
controlled trial given the sample size of the current exploratory study to assess whether 
generalization on the core symptoms of autism occurs. 
   
 
 
 
 
 
 
 
 
Introduction 
Autism Spectrum Disorder (ASD) is characterized by the presence of atypical social 
communicative interaction and behaviours. Typically, ASD is diagnosed through behavioural 
analysis in the 3 – 5 years age range and once diagnosed, the treatment is mainly delivered through 
behavioural intervention following different models. In essence, these models try to promote 
cognitive and behavioural skills that are considered essential for independent living in the long run 
(Dawson et al., 2010; Reichow and Wolery, 2009; Ospina et al., 2008; Narzisi et al., 2014). One of 
such program is the Early Start Denver Model (ESDM) protocol, an early and intensive intervention 
approach for young children with ASD. This program aims to meet the social, developmental and 
emotional needs of ASD children and their families, to identify and use validated and effective 
intervention techniques (Rogers and Dawson, 2010). The ESDM recently received robust evidence 
of its efficacy at the level of clinical outcome (Dawson et al., 2010), brain plasticity (Dawson et al., 
2012) and 2-year follow-up (Estes et al., 2015). 
However, two major problems are associated with such interventions. First, a person development 
specific intervention protocol, accounting for the actual difficulties and strengths of a child, needs 
to be designed to achieve maximal effects since ASD is a broad spectrum with significant inter-
child variability and it has already been established that tailor-made personalized intervention may 
be more effective compared to any generic type of intervention (Stone and Yoder, 2001; Szatmari et 
al., 2003). Second, at least 20 hours/week intensive intervention is needed (Remington et al., 2007). 
The implications of these constraints include the need of trained therapists and the economic cost of 
such treatments. One way of reducing these problems is to involve parents in the intervention 
protocol and thereby carry out a significant part of the intervention in home settings. This requires 
parent training and regular monitoring to check whether the parents implement the intervention 
protocol adhering to that outlined by the therapist properly.  
Since computer based approaches have been shown to be effective in improving learning cognitive 
and social skills in children with various learning disability conditions (Piper et al., 2006; Mevarech 
et al., 1991; Boucenna et al., 2014), to fulfil these needs, we recently developed a computerised 
gaming library (GOLIAH – Gaming Open Library for Intervention for Autism at Home) which 
consists of a set of computer games created by mapping the Imitation and Joint Attention (JA) 
subset of stimuli from the ESDM (Bono et al., in revision). Imitation and JA are considered to be 
“pivotal” for the development of communication and social skills (Toth et al., 2006; Nadel, 2006; 
Emery, 2000; Tomasello, 1995). In GOLIAH, we specifically mapped a subset of ESDM stimuli 
(Dawson et al., 2010) related to Imitation and JA onto a flexible computer game library containing 
a set of games (N=11: 7 related to imitation, 4 related to JA) with varying levels of difficulties that 
could be reconfigured dynamically by the parent under the supervision of the therapist (Bono et al., 
in revision). In sum, theoretically, GOLIAH allows: 1) delivering intensive intervention at home for 
Imitation and JA tasks in children with ASD; 2) tailoring and adapting intervention through child-
specific characterization of difficulties; and 3) allowing dynamic guidance of parental implication.  
We tested GOLIAH during a 6-month matched controlled exploratory study. Our aims were to 
assess (1) the usefulness and acceptability of the gaming platform at home and whether the use of 
intensive parental at home intervention increased or not parental stress; (2) how experimental 
children performed using the different Imitation and JA games; and (3) whether children from the 
experimental group improved significantly more than children treated as usual (control group).  
 
Methods 
Participants 
All children were recruited in the Department of Child and Adolescent Psychiatry, University 
Hospital Pitié-Salpêtrière, Paris, France and the Department of Child Neuro-Psychiatry, Fondazione 
Stella Maris, Calambrone, Italy. The study was approved by the local ethics committees of each site 
and was in accordance with the declaration of Helsinki. Each parent (and child when possible) gave 
informed written consent before inclusion. Inclusion criteria were: a current diagnosis of ASD 
confirmed by clinical assessment and the Autism Diagnostic Interview-Revised (ADI-R, Lord et al, 
1994); an intellectual quotient ≥ 60; being aged between 5 to 8 years. We excluded patients with 
known organic syndrome and/or non-stabilized neuropediatric (e.g. seizures) or medical (e.g. 
diabetes mellitus) comorbidities. Inclusion in the experimental group was based on parents’ 
motivation to follow such a heavy protocol both at home and for the one session per week at the 
hospital (see below). Controls were matched for sex, age, IQ, study sites and treatment. Treatment 
as usual (TAU) was defined as all therapeutic needs and proposals given to a specific child. Given 
the heterogeneity of both severity and needs in ASD individuals, we distinguished two types of 
TAU for matching based on severity of the cases: first, the cases receiving treatment as outpatients 
(including speech therapy, occupational therapy, developmental/play therapy, group therapy) with 
educational support at regular school; second, those receiving day care hospital treatment because 
associated behavioural problems or autism severity did not permit regular school inclusion. In total, 
we included 14 children with ASD exposed to MICHELANGELO protocol (experimental group) 
and 10 children with ASD treated as usual (control group). Patients’ characteristics are summarized 
in table 1. 
 
 
Intervention 
The control group received TAU according to each site proposal given that both French and Italian 
health care systems offer free access to medical and educational services. 
The experimental group was exposed to TAU plus the Michelangelo protocol that included 5 
sessions per weeks of training with GOLIAH: 4 sessions per week were at home with the parents 
playing with their children; 1 session per week was planned at the hospital. Given the diversity of 
the games and the heterogeneity of children profile and abilities, for a given game the number of 
sessions dedicated to the game varied. Also given the levels of difficulty, within a game, all of the 
children had more games to play (all the conditions of the games may not have been exploited). 
Each child’s plan was tailored on the basis of functional profile and adapted during the 6-months 
protocol according to children progress in playing the games. The hospital session (approximately 1 
hour/week) was structured on as follow: (a) during the first 15 minutes, parental debriefing and 
planning the following week gaming priorities based on the child’s performance at the present time 
in the gaming platform; (b) 20 minutes dedicated to structured one-to-one session focused on 
imitation and joint attention activities with a therapist; (c) 15 minutes dedicated to repeating on 
GOLIAH the games preformed with the parents during the preceding week.  
To tailor treatment given at home, therapists had the opportunity to consult the game parameters via 
a graphic interface that has been implemented in a specific component of Decision Support System 
(DSS), the Clinical User Interface. It provided a visual feedback on the tasks by highlighting 
summary performance of the child overtime. This feedback was particularly useful to have access to 
the child’s results for the sessions conducted at home. This interface assisted the clinician in 
understanding evolution, compliance and effectiveness of GOLIAH intervention through a very 
usable Interface with options for comparison of sessions. Thus it facilitated the modification of the 
therapeutic intervention for the home based treatment (Bono et al., in revision). 
 
Brief description of the GOLIAH platform 
The GOLIAH platform has been described in details in Bono et al. (in revision). The multi-player 
gaming platform developed requires two computers – either tablets or desktop/laptop – that 
communicate in real time through a multi-threading process. They are connected remotely allowing 
them to operate from two remote locations. One computer is operated by the therapist or parent 
(depending upon the application scenario) acting as the therapist/parent and the other by the child 
designated as the player. The choice of goal setting as well as the game to play is made by the 
therapist/parent according to the desired stimuli (JA or Imitation). The role of the player is to 
achieve the goal set by the therapist/parent at the end of the game. One category of the games is of 
stand-alone operation, where the therapist/parent needs to select an appropriate game from the pre-
developed library and the player is required to execute the game following automated instructions 
embedded within the game. In the other category, the therapist/parent has an active role to play 
where he/she needs to cooperate with the child to achieve the goal of the game and has also the 
flexibility to create new stimuli. All the games have different levels of difficulty allowing the 
therapist/parent to adjust the initial level of difficulty according to the cognitive skills characterized 
by the therapist at the beginning of the treatment process or dynamically adjusting it as the player’s 
performance progresses with time.  
The GOLIAH platform selected two important stimuli from ESDM protocol: Imitation and JA. The 
stimuli were mapped into 11 games, seven for Imitation and four for JA. The list of the games and 
the ESDM stimuli they address are depicted in Table 2. In developing the games, special attention 
has been devoted to their realistic resemblance to the real-life scenario, more importantly emulating 
human-human interactions during the game playing phase. Each of the games incorporates different 
levels of difficulty ranging from the application of one stimulus to a combination of different 
stimuli.  
The gaming platform provides a flexible means for giving a reward to the player on successful 
completion of the goal capturing the essence of reward-based intervention. A smiley face is shown 
at the end of each game in the player’s device, regardless of the score obtained as a positive 
reinforcement which also gives an impression of feedback to the player. Such feedback is once 
again programmable and an appropriate reward could be set by the therapist depending on the 
player’s motivation factors (such as playing music that the child likes, etc.). 
 
Automatic extraction of parameters from the serious game 
The performance of the player while playing the game was assessed mainly in two different ways: 
(1) automated evaluation based on a predefined scoring convention and (2) manual evaluation by 
the therapist/parent. A scoring system of 0 to 2 has been implemented for this purpose where 0 
means the player did not achieve the goal, 1 for partial achievement and 2 for successfully 
satisfying the goal. Apart from the simple scores describing whether the player has achieved the 
goal, a set of objective metrics and an array of possible events are also extracted by the platform in 
an automated way. This set of objective metrics allows the therapist to analyse quantitatively the 
performance of the player in a stimulus-specific way not only at a particular time point but also the 
progression of the child’s performance over a time window (hours, days, months, etc.) giving a 
holistic picture of the child’s development. In addition, this also allows the therapist to ascertain the 
appropriateness of scoring and adherence to the prescribed protocol by the parents. Such analysis 
could be done both online and offline by the therapist as the metrics are stored each time the player 
plays the game.  
From the experimental group exposed to GOLIAH, several parameters were saved more or less 
automatically (depending on the games) from the different games implemented in the tablet serious 
game. (1) Date and time, task (imitation or JA), game number, level number; (2) The reaction time 
(RT) that corresponds globally to the time used by the child to complete a task. (3) Scores that 
correspond to wrong or correct answers and good or bad completion of the task.  
 
Clinical measures 
To assess clinical change during the 6-month exploratory study, we measured using a single blind 
procedure the following variables at inclusion and at 6-month outcome. Double blind was not 
possible given parents’ participation in GOLIAH protocol. The primary variable was the Autism 
Diagnosis Observation Schedule (ADOS) that is a tool for autism diagnosis. We used the 
communication and social interaction scores, and the Communication+Interaction score (later called 
ADOS total score)(Lord et al., 1989). Secondary variables included: (1) the VINELAND II 
(Sparrow et al., 2005) as a behavioral scale of autonomy. It is a parent interview, and it is used to 
assess the ability of children to perform the daily activities required for personal and social 
sufficiency. The VABS-II uses four specific domains: Communication, Daily Living Skills, 
Socialization, and Motor Skills. The subscale scores are added up to yield an Adaptive Behavior 
Composite score. (2) Wechsler scales to measure Intelligence skills (WPPSI III & WISC IV). They 
are a standardized developmental test for children. They offer Verbal, Performance, Working 
memory, Speed and Total quotients. (3) The Child Behavior Checklist (CBCL) to assess global 
psychopathology (Achenbach and Rescola, 2001). It is a 100 item parent-report measure designed 
to record the behavioral peculiarities of preschoolers. Each item describes a specific behavior and 
the parent is asked to rate its frequency on a three-point Likert scale. The scoring gives, among 
others, three main scores (Internalizing, Externalizing, Total Problems): a T-score of 63 and above 
is considered clinically significant; values between 60 and 63 identify a borderline clinical range; 
values under 60 are considered not-clinical. (4) The Social Communication Questionnaire (SCQ) to 
assess communication more specifically (Rutter et al., 2003). It is completed by parents and 
evaluates communication skills and social functioning of children. SCQ provides a Total Score that 
can be interpreted in relation to specific cut-off points (over 15 is considered indicative of a risk for 
ASD). SCQ content parallels that of the ADI-R, and the agreement between the two instruments is 
high and substantially unaffected by age, gender, language and performance IQ.  (5) The Parenting 
Stress Index (PSI) to assess parental stress during the study (Abidin, 2012). It is designed to 
evaluate the magnitude of stress in the parent-child system. The scoring gives a Parent Domain 
score (including the sum of the raw scores at following subscale: Competence, Isolation, 
Attachment, Health, Role Restriction, Depression, and Spouse), a Child Domain score (including 
the sum of the raw scores at following subscale: Distractibility, Adaptability, Reinforces Parent, 
Demandingness, Mood, and Acceptability) and a Total Stress score that is the sum of Parent and 
Child Domain raw scores (higher raw scores both at PSI Scales and subscales mean more parent 
stress). 
 
Statistical analysis 
Statistical analyses were performed using R Software, Version 2.12.2. To assess whether adding 
GOLIAH intensive exposure to TAU improved both primary and secondary clinical variables, we 
used Linear Mixed models with change in the given variable to be explained by group exposure 
(TAU vs. TAU+GOLIAH), time (baseline vs 6-month) and their interaction. We also included a 
random effect and a site effect. This allows taking into account individual heterogeneity, site 
heterogenetity, variable scores at inclusion and change specific to intensive exposure to GOLIAH 
within the same statistical regression. In the experimental group, to assess whether children 
improved we focused on the reaction time for JA games and the imitation scores (failed, 
intermediate, well done) for imitation games. We used Linear Mixed Models (or Ordinal Mixed 
Model) with change in the reaction time (or change in the imitation score) to be explained by time 
(or consecutive sessions), difficulty levels and/or the number of items eventually (see table 3). In 
case of non normal distribution, we studied variable log transformation to reach normal distribution. 
 
Results 
Acceptability and parental stress 
Given the study design, 6-month treatment meant at maximum 100 sessions (4 sessions at home per 
week + 1 session at the hospital per week = 5 sessions per week x 20 weeks = 100 sessions, taking 
into account a 4-week summer vacation during the study period). Overall, there was no study 
dropout. However, three children had had less than 12 sessions. Children and parents participated in 
30.5% of the planned sessions at home and in 48.6% of the hospital sessions, which leads to a total 
participation of 39.9%. When excluding 3 children showing poor participation, we found that 38% 
of the sessions at home and 61.8% of the hospital sessions were provided. Given the diversity of the 
games and the heterogeneity of children profile and abilities, for a given game the number of 
sessions dedicated to the game varied. Also given the levels of difficulty, within a game, all of the 
children had more games to play (all the conditions of the games have not been exploited). 
However, all games were used during the study period (see right column of table 2) with guess the 
instrument being the less played (mean number of sessions per child=9.2 [range=0-22]) and 
receptive communication being the most played (mean number of sessions per child=53.4 
[range=4-112]). All games were well tolerated and followed both by children and parents showing 
the robustness of the gaming platform and the feasibility of the course of the games. One family 
initially had troubles in using the two tablets system related to Wi-Fi connecting problems that 
could be easily corrected. Tailoring treatment during the hospital session and data transfer from 
home was also easily achieved. 
To assess the magnitude of stress in the parent-child system during the protocol, we used the 
Parenting Stress Index (PSI). To compare course of stress at 6 month, we used Linear Mixed model 
with two main effects: group (Experimental vs. Control) and time (Inclusion vs. 6 months). This 
allows taking into account individual heterogeneity, variable scores at inclusion and change specific 
to intensive exposure to GOLIAH within the same statistical regression. Results are shown in tables 
3 and 4. There was a significant improvement at 6 months in both groups for PSI parental distress, 
difficult child, and total stress scores (all p<.05); meaning that treatment given in both groups was 
positive in terms of stress for almost all variables. However there was only a statistical tendency at 
6-month for improvement of dysfunctional interaction (p=0.065). Interestingly, we found no 
significant effect of groups, meaning that being included in the experimental group and directly 
involved in therapeutic sessions did not increase parental stress. 
 
Children’s performance through sessions and games in the experimental group 
Changes of children performances through sessions for all Imitation and JA games are shown in 
table 3. We distinguished time effect and eventually difficulty levels within the task, and the 
number of items. All analyses were multivariate ones with repeated measures modelled with a 
random effect patient (to control for individual variation) and a site effect (to control possible biases 
between Paris and Pisa sites). Unfortunately, we could not perform statistical analysis for data from 
the “Guess the instrument” imitation game due to a computational bug when storing the data. We 
found a significant improvement of good completion of the task score during training with 4 among 
the 6 remaining imitation games (“Imitate a free drawing”, “Imitate sounds”, “Imitate actions”, and 
“Imitate actions and build”). Also, we found a significant improvement during training with 3 
among 4 JA games (“Follow the therapist’s pointing”, “Cooperative drawing Imitate sounds”, 
“Bake a recipe”). 
 
 
Improvement of clinical measures in the experimental vs. control groups 
Table 4 summarizes all patients’ clinical measures and PSI scores at baseline and at 6-month 
outcome for both groups: under experimental treatment (TAU+GOLIAH) or under control 
condition (TAU). Clinical variables included ADOS communication, interaction and total scores, 
Vineland communication, daily living and socialization scores, Wechsler cognitive scores, SCQ 
score and CBCL 8-subscale scores and CBCL internalizing, externalizing and total scores. 
  
To assess improvement at 6 month, we used Linear Mixed models with two main effects: group 
(Experimental vs. Control) and time (Baseline vs. 6 months). Results are shown in table 5. There 
was a significant improvement for Autism Diagnostic Observation Schedule (ADOS) scores, 
Vineland socialization score, Parental Stress Index total score, and Child Behavior Check List 
internalizing, externalizing and total problems (all p<.05, Linear Mixed Models, time effect); 
meaning that treatment given in both groups was positive. There was only a statistical tendency for 
Social Communication Questionnaire score (p=0.054). We found no significant group effect for all 
variables (all p>.05, Linear Mixed Models); meaning that the GOLIAH platform given in an 
intensive way at hospital and home failed to show a generalization of its effect in improving social 
(e.g. Vineland), cognitive (e.g. IQ) or core symptoms (e.g. ADOS) of ASD. 
 
Discussion 
Summary of the results 
Here, we report the results of a 6-month controlled trial testing the use of GOLIAH as an intensive 
adjunct treatment provided at home by the parents through 30-minute sessions and under weekly 
supervision at hospital. We included 14 children with ASD in the experimental group, and 10 
controls matched for diagnosis, gender, age, sites, and TAU. Despite the great parental contribution 
in the experimental group, GOLIAH intervention did not affect Parental Stress Index scores. There 
was a significant improvement of PSI scores in both groups. This means that participation to the 
experimental group did not increase parental stress. Acceptance of GOLIAH was good since we had 
no drop out during the study and an overall observance rate of nearly 1 session done for 2 predicted 
sessions. All games were well tolerated and followed both by children and parents showing the 
robustness of the gaming platform and the feasibility of the course of the games. Therapists could 
tailor easily treatment during the hospital session from data transfer from home. We found a 
significant improvement in 4 among 6 imitation games on the quality imitation scores and 3 among 
4 JA games on the time to complete the task across sessions. This confirms that training patients 
with ASD using ICT may be helpful (e.g. Serret et al., 2014) although this does not imply that 
patients may generalize outside the gaming context their improved abilities (Boucena et al., 2014). 
At end-point, we found a significant improvement in both groups (meaning trained or not with 
GOILAH) for ADOS scores, Vineland socialization score, Parental Stress Index total score, and 
Child Behavior Check List internalizing, externalizing and total problems. This means that 
treatment given in both groups was positive. There was only a statistical tendency for Social 
Communication Questionnaire score. The lack of significant group effect means that the GOLIAH 
platform given in an intensive way at hospital and home failed to show a generalization of its effect 
in improving social (e.g. Vineland), cognitive (e.g. IQ) or core symptoms (e.g. ADOS) of ASD. 
These encouraging results, both in terms of changes by using the gaming platform and adverse 
outcome (lack of parental stress increase) should now be replicated in a large randomized controlled 
trial given the sample size of the current exploratory study.  
 
Limitations 
The main limitation of the study relies on the exploratory nature of the design. First, given the 
important involvement of the parents, we decided not to randomize experimental treatment attrition 
and rather selected the most motivated parents to enter the GOLIAH adjunct treatment. As a 
consequence, we matched individuals for the control group on several variables to limit biases in 
the outcome comparison. However, this process might have introduced biases. As shown in tables 4 
and 5, there was a statistical tendency for ADOS interaction and total score for a group effect, due 
to patients selected in the control group that tended to be more severe. However, the nearly 50% 
observance rate after 6-months shows that we were right to do so (selecting highly motivated 
parents). Second, the small sample size may have limit our statistical power and prevent detecting 
relevant clinical changes with GOLIAH adjunct treatment such as those related to core symptoms 
of autism (ADOS and SCQ scores). Third, the nearly 50% observance rate was obtained in the 
context of a research agenda with a numerous and available support team. We wonder whether 
observance would decrease in a more conventional clinical context. Finally, the last limitation is 
more developmental. Compared to the ESDM protocol to which the GOLIAH platform refers to 
(Rogers and Dawson, 2010), the children in the current study were older and this may have 
constrained their ability to change with treatment. Several authors have highlight the better outcome 
when treatment of children with ASD starts earlier in age (Narzisi et al., 2014). 
  
 
 
Future research 
Also, in its current status, GOLIAH platform is not implemented in a web site and a web version 
may be easier to observe for parents and may help limiting the number of session at hospital. 
 
Conclusion 
In the current study, we described the use of a gaming platform for home-based intervention in 
ASD. Within the context of a pilot open-controlled-trial, we showed the feasibility of the 
intervention. We found that (1) the gaming platform was useful during both children-therapist 
interaction at hospital as well as children-parents interaction at home, (2) tailored intervention was 
compatible with at home use and non-professional therapist/parents, (3) children performed as 
expected when using the different Imitation and JA games and no game appeared inaccurate, (4) 
data computed from the platform and clinical annotations produced by parents and therapists 
allowed session to session monitoring and helped therapists to dynamically reconfigure treatment 
and (5) subjective views from users (mainly parents here) were overall positive and the use of the 
Michelangelo protocol did not increase parental stress. 
At the clinical level, we found that both groups (experimental and control) showed improvement at 
6-month. The encouraging results found for ADOS scores in the experimental group should now be 
replicated in a large randomized controlled trial given the sample size of the current exploratory 
study. 
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 Table 2 – Mapping of ESDM stimuli for JA and imitation into GOLIAH games   
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Abstract  
Joint attention deficit is an early risk marker for autism spectrum disorder (ASD) characterized by 
two components: responding (RJA) and initiating (IJA). While eye tracking has largely been used to 
investigate RJA in ASD, no study has explored IJA. We aimed to record visual patterns of toddlers 
with ASD or typical development (TD) during tasks of both components of JA. In RJA task ASD 
and TD behaved similarly in terms of ability of following the gaze and looking at the target object. 
In two distinct IJA tasks, significant differences in transitions and in fixations emerged. These 
differences might be linked with ASD impairment in visual disengagement from face, in global 
scanning of the scene and in anticipation of object’s action.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction 
Joint attention in typical development: definition, components and development 
Joint attention (JA) is described as the ability to coordinate visual attention with another person and 
then shift the gaze toward a shared object or event (Mundy and Gomes, 1998). Literature reports 
two main components of JA: the response and the initiation. Responding to JA (RJA) is the ability 
to shift visual attention following other's social cues such as gaze or pointing. Initiating JA (IJA) is 
the ability to seek other’s attention using one’s own direction of gaze or gestures with the aim of 
sharing an experience (Seibert, 1982; Scaife & Bruner, 1975; Bates, 1976). Literature presents IJA 
and RJA as two aspects of joint attention interrelated but linked to different processes during infant 
development (Mundy et al., 2007). Several studies have analyzed in depth the gaze following 
behaviors in the interaction between child and caregiver (Dunham et al., 1993; Gredebäck et al., 
2010; Scaife and Bruner, 1975; Tomasello and Farrar, 1986) and most of these studies have focused 
on responding abilities (Gredebäck et al., 2010; Mundy et al., 1995), which precede the initiation 
during development. A longitudinal perspective of joint attention can be summarized as follows. 
Attention to visual information provided by another's gaze direction cues is considered an essential 
prerequisite for developing joint attention behaviors (Korkmaz, 2011; Striano and Stahl, 2005). 
Newborns show a rudimental ability of gaze-following a few days after birth (Farroni et al., 2005) 
and by the age of 2-4 months most babies show the ability to follow gaze direction (D’Entremont et 
al., 1997; D’Entremont, 2000; Gredebäck et al. 2010); at this age babies smile more during IJA 
events compared to simple gaze shifting, showing active participation in the social event (Striano 
and Stahl, 2005). By the age of 6 months (Butterworth and Jarret, 1991; Scaife & Bruner, 1975) 
babies are able to correctly process a combination of cues provided by head and eye positions 
(Adamson and McArthur, 1995) with a stronger use of these signals to follow the mother's attention 
(Corkum and Moore 1998; Langton et al., 2000); by the age of 8 months, the ability to follow a 
gaze seems to be stable (Gredebäck et al., 2010) and interaction-based JA behaviors appear to 
develop clearly at this age (Bruinsma et al., 2004; Striano and Bertin, 2005). Between the first and 
the second year of age, children acquire the ability to follow a gaze toward hidden objects and to 
predict their reappearance depending on the gaze of the interacting person (Butterworth and 
Cochran, 1980; Butterworth and Itakura, 2000; Carpenter et al, 1998). By the age of 14 months, all 
children master the ability to follow gaze direction as a unique cue for orienting attention 
(Gredebäck et al., 2010). IJA is evident in infants at 9 months of age (Mundy, 2007) with a variety 
of individual differences, particularly visible in the use of eye contact (Mundy et al. 2007).  Indeed, 
infant sibling data indicate that IJA is a marker of ASD by 8 months (Ibanez et al. 2013). Thus, 
current research provides evidence that IJA is a stable aspect of infant development by 9 months. 
Indeed, it is as stable at 9 months as is RJA (Mundy et al. 2007). 
 
JA deficit as an early risk indicator for ASD 
Deficits in gaze following and JA are known to be typical of ASD (Dawson et al., 2012; Hood et 
al., 1998; Maestro et al., 2005; Mundy et al., 2007; Senju and Csibra, 2008; Shic et al. 2011). 
Charman (2003) has described deficits in joint attention (declarative, triadic gaze switching and 
dyadic eye contact behaviors) as one of the more precocious and significant signs of autism, which 
correlates not only with social and communicative impairments but also with deficits in language 
development. Maestro et al. (2005), in a retrospective study and Chawarska et al. (2013) in a 
prospective study, stated that by 6 months of age, children that receive a diagnosis of ASD show a 
reduced ability to pay attention to other people. Some difficulties in RJA emerges during the first 
year of life, while by the second year the deficit becomes progressively more evident (Jones et al., 
2008). This is the reason why the CheckList for Autism in Toddlers, CHAT (Baron Cohen et al. 
1992), a well-known screening instrument for 18-month-olds, was based on joint attention studies 
conducted in the 1980s (Curcio, 1977; Loveland & Landry, 1986; Mundy et al 1986; Sigman et al. 
1986; Wetherby & Prutting, 1984). 
More recently, in a longitudinal sibling study, Chawarska et al. (2009) showed that face processing 
deficits, along with poor gesture communication and low frequency of the child’s attempts to 
communicate, are sensitive markers for the detection of autism risk. This proposal has been 
supported by other studies on siblings at high risk for ASD, which repeatedly have pointed out a 
good correlation between visual scanning deficit and later diagnosis of ASD (Goldberg et al., 2005; 
Jones et al., 2008; Presmanes et al., 2007).    
Specific difficulty in RJA and IJA is a well-known clinical indicator of ASD, which was examined 
in Gotham et al. (2008) who reported data from very large sample studies to provide evidence of 
muti-item joint attention factors in Modules 1 and 2 of the ADOS. 
 
Eye-tracking studies on JA in autism 
Eye-tracking has largely been used to investigate visual patterns while looking at faces, showing 
that typically developing adults first fixate facial core features compared to ASD (Walker-Smith et 
al., 1977) while ASD adults look for a less amount of time at these features and within the face 
stimulus, look longer at the mouth compared to the eye area (Pelphrey et al., 2002; Spezio et al, 
2007). The reduced preference for the eyes has been detected also in children with ASD (Jones et 
al, 2008). Nevertheless, at a young age contradictory findings were found. For example, Chawarska 
and Shic (2009) described normal level of looking time at eyes and reduced looking time at face 
and mouth in two-year-olds children with ASD. Methodological differences could be responsible 
for the divergent findings of the different studies. In particular, the type of social stimuli (i.e., static 
faces vs more dynamic and naturalistic videos) could elicit different attention from children. Some 
studies focused on gaze-following tasks to explore the ability of children to respond to JA (Bedford 
et al., 2012; Falck-Ytter et al., 2012; Navab et al., 2012).  In one of these studies (Bedford et al., 
2012) the authors did not find differences in terms of gaze accuracy, that is shifting gaze to the 
attended rather than the unattended object; this study is in line with other studies showing that 
automatic gaze cueing is intact in young children with ASD (Chawarska et al., 2003), but indicates 
that difficulties emerge along with the severity of the socio-communicative impairment. Differently, 
Falck-Ytter et al. (2012) found that preschoolers with ASD performed fewer and slower correct 
gaze shifts and confirmed that they spend more time on objects than TD (Falck-Ytter and Von 
Hofsten, 2011).    
Eye-tracking assessments of RJA, as the ones used in the above mention studies, may provide more 
precise spatial and temporal information than face-to-face assessments (von Hofsten et al., 2005).  
However, as most eye-tracking assessments of are pre-recorded, they are more consistent across 
administrations than ‘live tools’ and thus potentially useful as standardized prognostic instruments 
(Chawarska, 2013). However, opportunities for typically experience by infants are highly 
interactive. Variability in ‘live tools’ presentation among participants may make the live tools more 
engaging than eye-tracking assessments (Chawarska, 2013). Unlike the live tools, a stationary eye 
tracker cannot capture infants’ looks away from the video monitor and therefore cannot test 
evaluate children attention out of the are captured by the eye-tracking visual angle (Chawarska, 
2013). 
To our knowledge, until now researchers have developed tasks for studying RJA while no study has 
explored IJA in an eye-tracking study. Thus the aim of our study was to describe the visual patterns 
and the attention to face and objects of toddlers with ASD and typical development (TD) during 
different joint attention tasks as regards their ability to press the child toward a responding to joint 
attention or an initiating joint attention. The main hypothesis is that the tasks involving response 
and initiation are able to detect atypicalities of visual attention that are a hallmark of ASD. 
 
 
 
 
 
Methods 
Participants 
A group of 20 children with ASD and a group of 20 typically developing (TD) children, both 
between 18 and 30 months of age, took part in the experiment. The ASD group was recruited at the 
Autism Unit of IRCCS Foundation Stella Maris of Pisa, at the division of Child Neuropsychiatry of 
the University Hospital of Messina and at the Hospital of Matera. The clinical diagnosis of ASD 
was established according to DSM-V criteria and confirmed by the Autism Diagnostic Observation 
Schedule-G (Lord et al., 2000), which was administered by certified clinicians. The TD participants 
were recruited from kindergartens in the Pisa, Messina and Matera metropolitan areas. All children 
(ASD and TD) had a developmental evaluation through the administration of The Performance sub-
scale of the Griffiths Mental Developmental Scales (Table 1). A CBCL Total score under the 
borderline/clinical range was considered mandatory for the inclusion of children with typical 
development.  
All parents provided written informed consent including permission to use the video recordings for 
scientific reasons. The experimental procedures and the form of consent were approved by the 
ethics committee of the IRCCS Stella Maris.  
Two TD children were excluded due to computer malfunction in the form of data loss; 3 ASD and 3 
other TD were excluded due to a large number of bad trials (see Data Analysis). The final sample 
was composed of 17 ASD and 15 TD.  
 
Procedure 
Toddlers’ gaze was recorded by means of the SMI Eye Tracking device provided by SensoMotoric 
Instruments (Germany), with a sample rate of 120 Hz and accuracy better than 1 degree of visual 
angle. The eye-tracker records the data of both eyes from the reflection of near-infrared light on the 
cornea and pupil. It was positioned in front of the subject just below a 22-inch flat screen monitor 
where the stimuli were presented using SMI Experiment CenterTM Software. The distance from the 
screen and the inclination angle of the system were adjusted for each toddler in order to obtain good 
tracking of his/her eyes. The placement suggestions provided by SMI iViewXTM Software were 
used for the correct positioning of the eye-tracker. Toddlers sat on a child seat in order to limit 
movement. The distance of the subjects from the screen was approximately 50 cm. Before starting 
the experimental task, a 5-point calibration sequence was run. A cartoon was chosen as calibration 
point in order to increase the toddlers’ attention to the screen. The calibration was repeated until the 
deviation from the known calibration target for both the x and y components was below 2°.  
 
Stimuli 
The experiment consisted of three tasks: one RJA task and two IJA tasks (Fig. 1).  
Each trial was preceded by a colorful ‘‘attention-getter’’ that was displayed at the center of the 
screen until the toddler looked at it for at least 500 ms. This phase was necessary for re-centering 
the eyes before the beginning of the trial. Once attention was secured, the pre-recorded video 
replaced the attention-getter. All the videos have a common setting with a black background and a 
female model positioned behind a black table, wearing a neutral-colored shirt and with her hair tied 
back. 
The RJA task is similar to those of Bedford et al. (2012) and Navab et al. (2012), which were a 
modification of a task reported by Senju and Csibra (2008). The video begins with two objects on 
the table, specifically two colorful identical block structures, and the female model ‘looking down’ 
(2 s). This phase is followed by an ‘interactive’ phase (2 s), during which the model looks into the 
camera, smiles, and says with an infant-directed speech: ‘‘Ciao!’’ (“Hello!” in English). The last 
segment is the ‘joint attention’ phase in which the model turns her head toward one of the two 
objects and then fixates on the object (4 s). The looked-at object during the ‘joint attention’ phase is 
defined as “target object”, while the other is by convention the “non-target object”. The model 
maintains a neutral facial expression and remains silent when turning her head and gazing at the 
object. Four trials were presented to each child, in two of which the model looked at the object on 
her right and in the other two at the object on her left. The order of presentation of the trial was 
randomly selected across participants. 
The first IJA (IJA1) task (developed by A.N.) starts with the ‘looking down’ phase (2 s) with a 
setting identical to the first phase in RJA except for the two toy cars instead of the two blocks. Then 
an ‘interactive’ phase (2 s) identical to the one in RJA follows. In the last segment, the ‘joint 
attention’ phase (7 s), one of the two toy cars starts moving on the screen toward the other car until 
it reaches approximately the center of the screen. During this ‘joint attention’ phase the model 
keeps a direct gaze towards the camera maintaining a neutral, impassive facial expression. The 
moving object is defined as the target object while the other is the non-target object. Also in this 
case four trials were randomly presented to each child; the moving object was twice the one on the 
right of the model and twice the one on her left. 
In the second IJA (IJA2) task (developed by A.N.), in both the initial ‘looking down’ segment (2 s) 
and in the ‘interactive’ segment (2 s) only the model is on the screen; in the last segment, the ‘joint 
attention’ phase (7 s), an object, specifically a toy truck, appears unexpectedly from outside of the 
scene and crosses the screen toward the opposite side. As in the previous IJA1 task when the object 
appears and moves, the model keeps a direct gaze towards the camera maintaining a neutral, 
impassive facial expression. Obviously in this task only the target object is present. Four trials of 
this task were presented to each child, in two of which the object appeared from the right of the 
model and in the other two from her left. 
Two different tasks of IJA were developed because we predicted that children with ASD could have 
shown different reactions to IJA in a non-predictable situation (IJA2 task) than in a typical IJA 
situation (IJA1 task) and in particular that the IJA2 task could have elicit a higher visual attention to 
the model’s face (the “known and predictable” element in the screen) in order to disambiguate the 
non-predictable situation. Indeed, the IJA2 task, compared to the IJA1 task, opposes to the tendency 
to sameness of children with ASD. In this case the social orienting to biological forms (the face of 
the model’s in this case) could be preferred than the mechanical movement by ASD children when 
they have to solve non-predictability situations.  
A total of 12 trials were presented to each child and the sequence of the tasks was always as 
follows: RJA-IJA1-IJA2. 
 
Clinical measures 
Concomitant clinical measures of joint attention were extracted from the ADOS-2 and M-CHAT. 
As far as ADOS is concerns, the items selected for the identification of Gotham multi-item Joint 
Attention factor (Gotham et al., 2008) were chosen. As regards M-CHAT, the following items were 
selected: n°7 (Does your child ever use his/her index finger to point, to indicate interest in 
something?); n°15 (If you point at a toy across the room, does your child look at it?); n°17 (Does 
your child look at things you are looking at?); and n°19 (Does your child try to attract your attention 
to his/her own activity?). 
 
Data analysis 
Some trials were excluded on the basis of the criteria adopted by Bedford et al. (2012) adapted to 
our tasks. Trial exclusion criteria were: (1) no looking at the face during the ‘interactive’ segment, 
which can be considered as a prerequisite for joint attention behavior (Senju and Csibra, 2008); and 
(2) looking away from the computer screen for the entire ‘joint attention’ phase. Participants were 
excluded from the study when more than 50% of the trials were not suitable for the analysis. Three 
subjects with ASD and three TD subjects were excluded on the basis of these criteria. 
All the trials of the included children were split into the three segments: ‘looking down’, 
‘interactive’ and ‘joint attention’. Measures are reported only for the ‘joint attention’ phase. Several 
areas of interest (AOIs) were defined using SMI BeGazeTM Software: model’s face, target object 
and non-target object. Gaze data was extracted for each of these AOIs as well as for the whole 
screen. Measures of joint attention ability were computed by extracting raw data and analyzing 
them in MatlabTM using homemade scripts. Table 2 summarizes the measures extracted for the 
three tasks. 
 
RJA task 
Measures for joint attention were computed according to previous studies. The gaze following 
accuracy was computed as the difference between first looks at the target object and first looks at 
the non-target object (Bedford et al., 2012; Falck-Ytter et al., 2014; Moore and Corkum, 1998; 
Navab et al., 2012). The normalized gaze following accuracy (called by Navab et al., 2012 
“restrained standard difference score”) was computed by dividing the gaze following accuracy by 
the number of trials in which child looked to either object (Senju and Csibra, 2008; Navab et al., 
2012). 
A transition score was obtained by subtracting the total number of transitions from the model’s face 
to the non-target object, from the total number of transitions to the target object. A normalized score 
of transition (called by Navab et al, 2012 “restrained transitions difference score”) was calculated 
by dividing this number by the total number of transitions from the model’s face to either object 
across trials (Senju & Csibra, 2008; Navab et al, 2012). While standard difference scores that are 
commonly used to assess RJA (Moore and Corkum, 1998; Meltzoff and Brooks, 2008), are not 
typically divided by total looks to either object in face-to-face measures, the normalized eye-
tracking scores are divided by this factor  (Senju & Csibra, 2008). The normalization allows 
weighting the difference score according to the global number of looks to either object so that if the 
total number of transitions increases, its value decreases (see Table 2). In addition, because the 
score of transition does not provide information in terms of number of correct transitions (toward 
the target object) or incorrect transitions (toward the non-target object), the number of transitions 
from face to target object and from face to non-target object were analyzed separately. 
 
IJA1 task 
For the IJA1 task, some scores similar to the RJA task and some additional scores to measure the 
ability of initiating JA were used. An index of accuracy (in this case the accuracy in following the 
moving object) was evaluated by computing the difference between first looks to the target object 
(that is the moving object) and first looks to the non-target object; then, to obtain the normalized 
accuracy, this difference was divided by the number of trials in which child looked to either objects. 
To evaluate the child’s ability to initiate joint attention, the transition score was calculated 
considering inverse transition, i.e. from objects to face.  This score was obtained as the difference 
between the total number of transitions from the target object to the model’s face and the total 
number of transitions from the non-target object to the model’s face. Then, to obtain the normalized 
transition score, the transition score was divided by the total number of transitions from either 
object to the model’s face. In addition the number of transitions from target and from non-target 
object to face were analyzed separately. 
Finally, given that the alternating looking pattern between face and object is typically considered to 
be a protypical initiating joint attention measure (Tomasello et al. 2005; Mundy et al. 2007) we also 
evaluated the number of transitions from model’s face to both target and non-target object. 
Moreover as in this setting we had two objects and children could make also between-objects gaze 
shifts before looking back to face we also measured between-objects transitions. 
 
IJA2 task 
For this third task a JA score was computed. This score was obtained by subtracting from the total 
number of transitions from the target object (that is, the unexpected object entering the screen) to 
the model’s face, the total number of transitions from the target object to other parts of the screen; 
thus negative values of this score means less transitions to face. A normalized JA score was 
obtained dividing the JA score by the number of usable trials. 
Number of transitions from target object to face was calculated and a normalized measure was 
obtained dividing this number by the number of usable trials.  
We also computed the inverse transitions, from face to target object, and the normalized version of 
this measure.  
In the JA score and in the transitions, the normalization allows to takes into account the possible 
confound given by the number of trials included in the calculation of the extracted measures. 
 
AOI analysis 
Following Brooks and Meltzoff (2005) and Senju and Csibra (2008) we also chose to analyze 
looking time behavior within the selected AOI (face, target object and non-target object). This 
measure reflects not only the children’ ability to follow gaze but also their subsequent engagement 
with the target of another person’s gaze or of the engagement with target object in the IJA tasks. In 
addition extracting looking time behavior of face allows to examine infants’ attention to the head 
during the joint attention phase, which has a crucial role in the development of children (Brooks and 
Meltzoff; 2005). 
Looking time behavior in each AOI was analyzed in terms of fixation count (FC) and of fixation 
duration (FD). A fixation threshold of 60 ms was applied to the raw data. FC and FD on a specific 
AOI were computed as a percentage of the total, which means FC or FD on that AOI relative to the 
participants’ on-trial FC or FD. Because in the RJA task our aim was to investigate possible 
differences in ASD or TD performance when children do follow the model’s gaze, FC and FD for 
objects were analyzed only for trials with a congruent first gaze shift as in Bedford et al. (2012) and 
Falck-Ytter et al. (2014). This kind of analysis was extended to the two IJA tasks analyzing only 
trials with first look at the target object; for these tasks, in order to assess the interaction with face 
after looking at the object, we analyzed FC and FD for face considering only trials with first look at 
the target object. 
 
Statistical analyses 
Statistical analyses were performed in SPSS (SPSS Inc., Chicago, IL, USA). A comparison between 
ASD and TD subjects was performed in terms of demographic, cognitive level and eye-tracking 
data. The Shapiro-Wilk test was applied to test the normality of the variables. Given that the two 
groups were significantly different in terms of Griffiths performance, this measure was used as 
covariate in the analyses. For normal variables an ANCOVA test was applied. When a non-
parametric test was required, variables and covariate were transformed in ranks and ANCOVA on 
ranks was performed. To correct for multiple comparisons False Discovery Rate (FDR q<0.05; 
Benjamini and Hochberg, 1995) was applied resulting in p≤0.02 as significant. Effect sizes were 
calculated with partial eta squared: values between 0.01 and 0.06 are generally considered a small 
effect, between 0.06 and 0.14 a medium effect, and those above 0.14 are regarded as a large effect. 
Finally, we used Pearson correlations or Spearman correlations, according to the distribution of the 
variables, to examine the relationship in ASD between eye-tracking measure of joint attention and 
clinical measures (selected items from ADOS-2 and M-CHAT).  
We also explored the correlations among eye-tracking measures of joint attention between JA1 task 
and JA2 task in both groups. 
 
Results 
General considerations 
We first assessed whether there was a difference in trial exclusion in the two groups and in the 
different tasks. Repeated measures ANOVA revealed that there was no significant effect of task (F 
= 2.6, p = 0.8) or group x task (F = 0.01, p = 0.9) on number of usable trials. The mean number of 
usable trials was 10.8 ± 1.5 for ASD group and 11.1 ± 1.7 for TD group. 
The accuracy of calibration between the two groups was calculated as the root mean square (RMS) 
value of the deviation of the x and y components; RMS was not significantly different between the 
two groups (ASD = 1.2 ± 0.6, TD = 1.2 ± 0.7, p = 0.7). 
 
RJA Task 
Results for the RJA task are reported in Table 3. 
The accuracy of gaze shifts, as well as the normalized gaze accuracy (see Table 2), were not 
significantly different between ASD and TD groups. The positive value of the gaze following 
accuracy means that both groups accurately followed the model’s gaze and have higher number of 
first look the target than non-target object. Transition score, its normalized version, and both the 
number of transitions from face toward the target object and toward the non-target object were not 
significantly different between ASD and TD groups. Overall these results indicate that the two 
groups did not have significantly difference in the total number of gaze shifts from the model face 
to the target or non-target object. The two groups did not perform differently in terms of FC and FD 
for target object, for non-target object and for face. In Fig.2 a scan path for a viewer with ASD and 
for a viewer with TD, during the ‘joint attention’ phase of the RJA task is reported. 
 
IJA1 Task 
Results for IJA1 task are reported in Table 4.  
The object following accuracy and its normalized version (see Table 2) were not significantly 
different between the two groups. Both groups had a higher number of first looks at the moving 
object (target) with respect to the still non-target object that makes positive the normalized score for 
both TD and ASD groups. Transition score revealed no significant differences between ASD and 
TD group; however the normalized transition score was significantly increased for ASD compared 
to TD, meaning that the ASD group looked more at the target than the non-target object compared 
to the TD group and had a global number of transitions reduced respect to the TD group (p = 0.02). 
When analyzing transitions form target object to face and from non-target object to face separately, 
TD group, compared to ASD group, had a higher number of transitions from non-target object to 
face (p = 0.02). As regards the inverse transitions, from face to object, there was a significant 
increase of transitions from face to target object in ASD group (p=0.02). Between-objects 
transitions were increased in TD group compared to ASD group (p=0.02). 
AOI analysis showed that the TD group has a significantly increased FC (p = 0.003) and FD (p = 
0.001) for the non-target object compared to the ASD group. As regards face, the ASD group had 
both an increased FC (p = 0.01) and FD (p = 0.01) compared to TD group. We repeated the analysis 
considering only trials in which subjects first looked at the target object and differences remained 
significant for both FC (p = 0.02) and FD (p = 0.01). 
In Fig.3 a scan path for a viewer with ASD and for a viewer with TD, during the ‘joint attention’ 
phase of the IJA1 task is reported. 
 
IJA2 Task 
Results for IJA2 are reported in Table 4.  
The JA score and its normalized version (see Table 2) were not significantly different between the 
two groups. Its negative value means that transitions from the target object to face are lower than 
transitions to other part of the screen. The number of transitions from target object to face was 
significantly increased in ASD compared to TD (p = 0.01) as well as its normalized value (p = 
0.008). 
Both the transitions from face to target object and the normalized transitions were increased in ASD 
group compared to TD group (p=0.008 and p=0.003). 
AOI analysis showed that ASD had an increased FC (p = 0.02) and FD (p = 0.01) for face 
compared to TD; considering only trials in which subjects looked first at the target object, ASD still 
have an increased FC for face (p = 0.01).  
In Fig.4 a scan path for a viewer with ASD and for a viewer with TD, during the ‘joint attention’ 
phase of the RJA task is reported. 
 
Correlations between IJA eye-tracking measures 
In both ASD transitions from target object to face in IJA1 task were positively correlated to 
transitions from target object to face in IJA2 task (r=0.73, p=0.001) and to the normalized version 
of these transitions (r=0.63, p=0.01 and respectively). The inverse transitions, from face to target 
object, in IJA1 task were positively correlated to transitions from face to target object in IJA2 task 
(r=0.80, p<0.001) and to the normalized version of these transitions (r=0.71, p=0.002).  
In TD group transitions from target object to face in IJA1 task were positively correlated to 
normalized transitions from target object to face in IJA2 task (r=0.69, p=0.006) and transitions face 
to target object, in IJA1 task were positively correlated to transitions from face to target object in 
IJA2 task (r=0.66, p=0.009). 
In addition in ASD group transition score in IJA1 was negatively correlated to JA score (which has 
a negative value) in IJA 2 task (r=-0.60, p=0.016). 
 
 
Correlations with ADOS and M-CHAT 
In RJA task a significant negative correlation was found between ADOS_A7 (Pointing) and 
transitions from face to target object (r=-0.57, p=0.02). Moreover a significant negative correlation 
was found between M-CHAT_item 7 (Does your child ever use his/her index finger to point, to 
indicate interest in something?) and transitions from face to target object (r=-0.55, p=0.03) and 
transition score (r=-0.62, p=0.03).  
In IJA 1, the ADOS_B9 (Showing) was negatively correlated with both transitions from face to 
non-target object (r=-0.63, p=0.009) and transition from non-target object to face (r=-0.62, p=0.01). 
As regards M-CHAT_item 7 (Does your child ever use his/her index finger to point, to indicate 
interest in something?) was also negatively correlated with both transitions from face to non-target 
object (r=-0.64, p=0.01) and transition from non-target object to face (r=-0.60, p=0.02).  
In IJA2 there was a significant positive correlation between ADOS_B1 (Eye-contact) and 
transitions from target object to face (r=0.54, p=0.03), transitions from face to target object (r=0.56, 
p=0.02) and normalized transitions from face to target object (r=0.58, p=0.02). 
 
Discussion 
Our eye-tracking study included variations in the stimulus content in order to explore different 
components of joint attention in young children with autism. The main goal was to investigate 
differences in looking performance of these children when faced with tasks where only the response 
to JA (RJA) is required or when initiation (IJA) is also expected. To our knowledge, this is the first 
time in eye tracking studies that the IJA has been explored in toddlers with autism compared to 
toddlers with TD. 
Although we have decided to use the terms of RJA and IJA for our implemented tasks, we are 
aware that these are at best partial measures of these important constructs when eye-tracker is used. 
In summary our work has point out that: (a) in RJA task ASD and TD groups seem to perform 
similarly as far as accuracy of following the model’s gaze and looking at the face, target object and 
non-target object; (b) when children are expected to have more initiation in searching for joint 
attention (IJA1) some differences between ASD and TD, in terms of transition and fixation at face 
or objects, were observed; (c) in a non predictable situation (IJA2) ASD children showed an higher 
number of transition to face than TD children; (d) there were significant correlations between IJA1 
and IJA2 tasks; (e) and between clinical measures (ADOS and M-CHAT) and eye-tracking 
measures.  
Regarding the RJA task, ASD and TD children do not differ in terms of gaze accuracy; moreover, 
the similar number of transitions from face to both target and non-target objects seems to indicate 
similar capabilities in following another gaze and modulating the focus of visual attention. Thus, in 
terms of visual scanning of the scene, ASD and TD groups seem to perform similarly as far as 
looking at the face, target object and non-target object. This finding is in line with an emerging 
view that gaze accuracy is not impaired in young children with ASD (Bedford et al. 2012; Falck-
Ytter et al., 2014), especially when an experimental design is used and not a ‘real-life setting’ 
(Nation and Penny, 2008). For example, Swettenham and colleagues (2003) found, children with 
ASD orient to objects cued by actor’s moving eye gaze that like typically developing subjects. 
Nevertheless, our result contrasts with other findings (Chawarska et al., 2012) showing that when 
looking at a speaking face these subjects show a reduced gaze at its core features and an increased 
attention to background and objects. The reason for this contradictory result may be twofold. First, 
the speaking face presents longer speech with prolonged direct gaze, while our task implies a very 
quick, simple speaking face. The simple synchronic pattern of a smile, the brief direct gaze and 
limited speech may help ASD children in engaging visual attention and modulating the spontaneous 
visual pattern. We hypothesize that this visual performance is the initial phase of a response to 
social stimuli where ASD are similar to TD, and that the atypicalities appear when the social 
threshold is overloaded. For example, Chawarska et al. (2003), using in a previous paper both a 
Posner experimental task and the ADOS-G to examine JA deficits in 2-year-old children with 
autism, found that while deficits in JA were pronounced in the ADOS-G, a cueing effect of eye-
gaze was observed in the experimental measure. Second, we could hypothesize that in our task, to 
get the right visual indication of where they are allocating their attention, children with ASD are 
facilitated by the head position rather than by the eyes (Perret and Emery, 1994) while TD children 
seem to be more sensitive to eye shifts to understand and respond to the adult solicitation for JA.  
While in the responding task, ASD and TD seem to be similar as far as their ability to follow the 
gaze and look at the target object; when children are expected to have more initiation in searching 
for joint attention some differences are emerging. Again, these differences do not pertain to gaze 
accuracy in following an object; rather, the IJA1 task revealed differences in transitions and in AOI 
fixations. First, the normalized transition score, measuring differences between transitions from 
target object to face and transitions from non-target object to face dividing by the total number of 
transitions, is increased in ASD group; on the other hand, number of transitions from non-target 
object to face is increased in the TD group. Second transitions from face to target object are 
increased in ASD while between objects transition are increased in TD group. Third, AOI analysis 
showed that TD group spent more time looking at non-target objects while ASD group looked more 
at the face. These parallel findings on transitions and AOIs mean that ASD children look longer and 
more frequently at faces and have a preference for target than non-target object and that TD 
children have more shift from non-target object to face and between objects and look longer and 
more frequently at non-target object than ASD. Another recent eye tracking study on preschoolers 
found that preference for faces presented along with objects was similar in children with ASD and 
in children with TD (Sasson and Touchstone, 2014), demonstrating that the preference for objects is 
not a hallmark of autism, but it is dependent on the context in which it is experienced and 
modulated by the salience of the stimulus. Thus, several possibilities for interpretation of a finding 
that at first sight appears counterintuitive exist. First, it could be the expression of specific 
impairment in visual disengagement, which is becoming a seminal area of research in ASD (Sacrey 
et al. 2014). Recent investigations indicate that 7-month-old infant siblings subsequently diagnosed 
as ASD showed longer latencies disengaging from central stimuli to look at peripheral ones (Elison 
et al. 2013a; Elsabbagh et al. 2009) and that this failure could interfere with the development of 
joint attention (Scaife and Bruner, 1975). According to this view, Schietecatte et al. (2012) reported 
a positive correlation between faster disengagement and joint attention initiations in young children 
with ASD. In fact, initiating joint attention is a complex process that involves disengaging from an 
object to look fluently towards the co-partner’s face, followed by disengaging from the co-partner’s 
face to reorient back towards the attended object (Bedford et al., 2014). Thus, we could suggest that 
impairment in disengaging from the face could negatively affect the emergence of joint attention in 
our sample. Second, the higher normalized transition score in children with ASD shows that these 
children have more transition to the face from the moving object than from the non-target object. 
This means that the moving object is not only more salient for children with ASD, as expected, but 
that it is also able to elicit more readily transitions for JA. This is support also by the fact that ASD 
children have significant more transitions from face to target object than TD children. 
Third, children with TD also devote more attention to non-target objects than children with ASD. 
This considerations is supported by the increased transitions from non-target object to face, the 
increased between object transition and the increased FD and FC for non-target object in TD group 
compared to ASD group. 
Various reasons may support this difference. It can be related to deficits in divided attention (i.e., 
spreading attention over multiple targets) which might impair the ability to track more than one 
object present in the scene and that has been described in children with ASD (Althaus et al. 1996; 
Ciesielski et al. 1995; Pierce et al. 1997). On the other hand, it could be linked to differences in 
visual attention and dynamic perception when children are confronted with more than one object 
(Edgin and Pennington, 2005; Koldewyn et al., 2013). As a third hypothesis, we may propose that it 
is due to the possible movement of the still non-target object that is foreseen by TD and not by 
ASD; in fact, difficulties in anticipation have been described as one of the strongest indicators of an 
ASD (Schmitz et al. 2003) and as a sign of the dysfunction of the mirror neuron system in ASD 
patients (Gallese, 2006).  
In the third task (IJA2) we investigated the ability of children with ASD to initiate a joint attention 
behavior when a moving object, not immediately visible, appears suddenly crossing the screen, and 
at the same time, the actor appears not to notice the unexpected event. This scenario creates a 
strange situation that should be able to push the child to the actor with the aim to invite her/him for 
JA on the crossing object. Also in this task some significant differences emerged between groups 
that were not present in the RJA. These differences mainly concern the distribution of attention on 
the object, on the face, and on other parts of the screen. Two main findings emerge from our 
research: first, the negative value of the JA score (measuring the difference between the total 
number of transitions from the target object to the model’s face and the total number of transitions 
from the target object to other parts of the screen) shows that both groups explore various parts of 
the screen without a prevalence of a specific focus on the model’s face; second, transitions from 
target object to face and the analysis of areas of interest describe more attention for the target object 
in TD and more attention for the face in ASD. Thus, the different pattern of visual attention 
between ASD and TD seems mainly due to the higher and prolonged attention for the target object 
in children with TD. We may suppose that for children with ASD, the event is a potentially 
destabilizing element difficult to integrate into a visual perception of global information (Gadgil et 
al., 2013); in fact, the task we proposed is in opposition to the tendency for sameness of children 
with ASD. Specifically, the sudden appearance of the little truck entering the screen from outside 
has the characteristics of non-predictability, and even if the mechanical movement of the truck 
could attract children with ASD (Baron-Cohen et al., 2009), this pleasant characteristic of the object 
does not overcome the destabilizing effect caused by the new event. As a consequence, children 
with ASD come back to the “known and predictable” face: this explanation could be at the base of 
the higher number of transitions to face performed by these children. On the contrary, the highest 
number of FC in children with TD toward the target object could be the expression of the their 
better ability to disengage and shift their attention from a mainstream element (in our task the face) 
to a new element (in our task the small truck that suddenly appears) which could be traced back to 
the paradigm of habituation/dishabituation (Baillargeon et al., 1985). In subjects with ASD this 
paradigm may not be respected because of their tendency to prefer the mainstream element (Gomot 
and Wicker, 2012; Lam, 2013) and to insist on sameness (Kanner, 1943). Moreover, the increased 
FC and FD of children with ASD towards the face could be explained as the effect of their anxiety 
caused by the unexpected element. Although the link between anxiety and insistence on sameness is 
still unclear and elusive (Gotham et al., 2013), children with ASD may have a tendency to avoid 
watching the unexpected element and turn their attention to the 'sure and predictable' element that in 
our task is the face. 
Furthermore, we predicted that in the IJA2 task children with ASD would have shown more visual 
attention to the model’s face compared to IJA1 because of the non-predictable situation. Visual 
attention is often hypothesized to play a causal role in the development of ASD. Here we tested two 
key attentional phenomena thought to be disrupted in autism: attentional disengagement and social 
orienting. Especially thanks to the IJA2 task we find that both phenomena are present in children 
with ASD. 
While these attentional processes may malfunction in other circumstances (in real live) our eye-
tracking data indicate that children with ASD do not suffer from across-the-board disruptions of 
either attentional disengagement or social orienting when they are engaged in non-predictability 
situations perhaps because that type of situation is more anthropologically based. In other words in 
IJA2 task the non-predictability situations could be able to stimulate skills that are present in 
children with ASD but that in too real situation (expected) may not be elicited. 
These skills may appear in situations where it is not the set of safe or expected contacts. 
If our results will be confirmed and implemented in future studies with bigger sample we have 
useful implications for treatments. For example the Early Start Denver Model (Dawson et al., 2010) 
use also non-predictability situations, inside the well-established routine, to elaborate and 
implement the play of child with ASD (see the paragraph ‘Add Variations: Elaborate the Play’ by 
Rogers et al., 2010 at pag. 107).      
Although IJA1 and IJA2 tasks explored initiation joint attention in different situations our results 
showed that there is a correlation between them, in terms of transitions both in ASD and TD groups 
showing an internal consistency between the rationales of two tasks.   
The correlation between ADOS and M-CHAT with eye-tracking measures in terms of transitions 
from face to target object (for RJA), transitions from face to non-target object (IJA1) and transition 
from target object to face (IJA2) revealed a pattern of consistency between eye-tracking and live 
tools/clinical measures. Moreover the correlations with clinical measures suggest that the construct 
behind the developed eye-tracking tasks subtend to, at least in part, real life situations. 
One limitations of this study is the experimental setting. By definition, JA is evaluated according to 
the presence of several features and changes with context in real life (Roos et al., 2008). For 
example, in the Early Social Communication Scale (Mundy et al., 2003), JA behaviors include the 
child’s use of eye contact with the examiner while the child is holding an inactive toy, the 
alternation of eye gaze between an activated toy and the examiner’s eyes, the use of proximal or 
distal finger points, and the use of showing gestures with eye contact. In unstructured naturalistic 
play, JA is considered realized if eye gaze at the examiner is accompanied by a vocalization, 
positive affect, or gesture that clearly directed the adult to look at an object or event. In our task, as 
well as in most of the research papers on this topic, JA is evaluated in an experimental context in 
which only eye gaze between an activated toy and the examiner’s eyes can be assessed. Therefore, 
the evaluation of JA is partial compared to a real global evaluation of this ability. 
In the future, a more ecological paradigm in which it is possible also to score some positive reaction 
of the child (i.e., vocalization or pointing) and use an eye-tracker during a task in real life would 
contribute to a more accurate evaluation of JA. 
In conclusions, our eye tracking experiment confirms the clinical suggestion that deficits in 
initiating JA is more indicative of an ASD, rather than responding to JA (MacDonald et al., 2006; 
Mundy et al., 1994; Whalen & Schreibman, 2003). Our under-30-months children with autism show 
growing differences in joint attention visual patterns compared to age-matched TD children and we 
can suggest that the initiation in JA is a more suitable task to be used and requested for screening 
purposes at this young age. 
Although researchers have clearly shown that children with autism have IJA deficits, the underlying 
reason for this difficulty remains unclear. Several possible mechanisms for IJA deficits in children 
with ASD have been proposed, including the impairment of a shared attention mechanism, triadic 
representation and affect sharing (Charman et al., 1997; Kasari et al., 1990). 
Taken together, the results of the current study suggest that although autistic children are as 
accurate as control children in gaze-following of the RJA task, the children with ASD show a 
different processing bias for IJA tasks. Given the important role of social initiation in normative 
child development (Falck-Ytter et al. 2014), these performances, particularly if confirmed in a 
larger sample, could be expected to lead children with ASD toward a developmental trajectory that 
differs fundamentally from that of non-autistic children.  
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Abstract 
This paper proposes a novel approach of integrating different neuroimaging techniques to 
characterize the brain of patients with autism spectrum disorders (ASDs). Different techniques like 
electroencephalography (EEG), functional magnetic resonance imaging (fMRI) and diffusion tensor 
imaging (DTI) have traditionally been used to identify biomarkers for ASD. But there have been 
very few attempts for a combined or multimodal approach of EEG, fMRI and DTI to understand the 
neurobiological basis of the disorders. Here, the main research question we tried to address was 
whether it would be possible to correlate the structural network with the functional brain network, 
such that the long range under-connectivity theory in autism could be applied to the latter. To this 
aim, source localization from EEG using independent component analysis (ICA) and dipole fitting 
has been applied first, followed by selecting those dipoles that are closest to the active regions 
identified with fMRI. This allows translating the high temporal resolution of EEG to estimate time 
varying connectivity at the source level. Our analysis shows that the functional connectivity 
between two active regions can be correlated with the physical properties of the structure, more 
specifically with the number of tracts and tract volume obtained from the DTI analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Introduction 
Modelling the information processing mechanisms of the brain as a vast network of specialized 
units that interact with each other has proven to be successful in explaining and diagnosing several 
neurological disorders [1]. Autism spectrum disorders are one such example that can be understood 
as disruptions in the normal operation of this network, often described by hypo-connectivity of long 
range connections and hyper-connectivity of short-range connections [2][3][4]. The core symptoms 
of an ASD consist of impairment in socio-communicative abilities and the presence of repetitive 
behaviour of restricted interests [5].  
More specifically, brain connectivity is usually studied in terms of functional and structural 
network. Functional connectivity focuses on the information exchange between the different 
regions, describing interdependencies or patterns of correlations between their activations in time. It 
is fast and task-dependent, and it changes in the order of milliseconds [6]. On the other hand, 
structural connectivity refers to the underlying anatomical links (white matter tracts) that support 
functional connectivity [7]. This can change in time due to neural plasticity, but at a much slower 
pace, and it is also different for each individual. Both can be helpful in explaining the structural and 
functional brain correlates of ASDs, but the information they capture is slightly different in nature 
from a biological and theoretical perspective [8][9][10].  
Owing to the fact that ASDs are not a single condition but a broad spectrum of disorders and 
person-centric treatment planning is the key in making changes to cognitive functionality of ASD 
children, it is essential to understand the brain connectivity patterns in-depth, which may allow 
objectively characterising a child and proper treatment planning. Currently, the effectiveness of a 
therapy is generally measured based on behavioural analysis only (i.e. observing whether any 
behavioural improvement occurs due to the therapy), which is plagued with subjective judgement 
and therefore may introduce systematic bias. Ideally one should rely on some objective measures 
reflecting physiological changes in the brain in a quantitative way, for ascertaining the effectiveness 
of the therapy. Nevertheless, some pioneering studies have been performed, measuring the effect of 
intensive behavioural treatment on brain structure and function of ASD patients through Diffusion 
Tensor Imaging (DTI) [11], functional Magnetic Resonance Imaging (fMRI) [12], or 
electroencephalography (EEG) [13]. This study is a part of the EU FP7-funded MICHELANGELO 
project, in which one of the objectives is to understand how connectivity analysis could be used for 
generating a set of such objective measures for characterising the actual pathophysiological status 
of an autistic child. Modern brain imaging methods are used here to estimate the connectivity of the 
brain e.g. the white matter tracts (structural connectivity) can be assessed with DTI, whereas 
functional connectivity can be captured by fMRI, providing good spatial resolution but poor 
temporal resolution. On the other hand, EEG could also be used for estimating functional brain 
connectivity, yielding a good temporal resolution but poor spatial resolution. 
The dynamics of how the information from different brain regions is integrated plays a crucial role 
in understanding the underlying mechanisms for disorders such as ASD [2][3]. For this reason, the 
information on functional connectivity provided by fMRI is insufficient for a full and accurate 
characterization. EEG recordings can then potentially be used to estimate a virtual connectivity at 
the source level [14] from signals measured at the scalp level. However, this should be regarded as 
an estimate, since the problem of recovering the distribution of neural activity inside the brain given 
the potential distribution on the scalp is underdetermined, with many possible source level activities 
that can account for the same scalp potential distribution [15][16]. Nevertheless, the results quite 
often aid in characterizing neurological disorders [17][18][19][20]. Moreover, fMRI recordings 
cannot be carried out while the patient is engaged in a task in a natural or home environment. Even 
though EEG does provide an increased degree of freedom compared to fMRI, it is only recently that 
true pervasive systems emerged, featuring dry electrodes and wireless data transmission, such as the 
ENOBIO system [21]. This allows the child with the disorder to have their EEG conveniently 
recorded at home as often as necessary. However, literature on EEG-based connectivity in autism 
does not show convergent findings [22], and a multimodal study is therefore needed to find a 
methodology that might reveal network disruptions similar to those uncovered by fMRI or DTI. 
In this paper, we propose an approach of integrating the fMRI and EEG information, by using EEG 
to estimate a reconstruction of the source-level activity inside the brain with a high temporal 
resolution, and using regions of interests (ROIs) obtained from fMRI to select only those locations 
that are relevant in characterizing connectivity in ASD subjects. Once the activity of the desired 
sources is known, the time varying connectivity between them can be computed. In this manner, we 
attempt to capture the true connectivity in the sense of spatio-temporal dynamics. However, 
structural connectivity also plays a major role in understanding ASD [3][23][24]. It provides an 
insight into the anatomical connections of the brain of each individual patient and can aid in 
tailoring the treatment to different individuals and in assessing to what degree significant neural 
changes have occurred after long-term treatment. The extent to which similar information can be 
revealed by EEG will be investigated, by correlating information provided by functional 
connectivity with the structural connectivity between the same set of nodes, as measured by DTI. 
Such correlation has also been studied in [25][26].  
In this paper, we search for the best way to estimate functional connectivity from EEG in such a 
manner that it tracks the underlying structural connectivity, verified by a high positive/negative 
correlation coefficient between them. We explore five different phase synchronization based brain 
connectivity measures each computed on the five different EEG frequency bands (δ, θ, α, β, γ). The 
band-specific variation in the functional brain connectivity may arise as an effect of the same 
underlying fixed structural network since the information exchange at the source level may have 
different frequency spectrum. As if during the communication between different activated regions 
of the brain through DTI tracts, the source level time varying activities (signals) are bandpass 
filtered by the medium to give rise to different behaviours in different parts of the spectrum. The 
idea here is to find out for ASD children, which functional connectivity measures is most 
responsive and best tracks the DTI information between two activated regions. If such a model for 
mapping the functional connectivity onto the structural connectivity features can be successfully 
made, it could help in obtaining an estimate of the underlying structural conditions of the brain 
network like DTI tracts, volume etc. This needs only the noninvasive and low cost EEG 
measurements, followed by offline data processing and has the potential to curtail the application of 
invasive and expensive neuroimaging techniques multiple times on a child’s brain to investigate 
incremental improvements during and after a therapy. 
Here, EEG, fMRI and DTI – a multimodal ensemble of data from diverse techniques – are all 
recorded from ASD subjects [27][28][29]. The fMRI is used to provide the locations of the relevant 
sources, while EEG is used to estimate their activations in time, giving dynamic functional 
connectivity between all regions of interest. Then, for each connection, the variation in time of its 
strength is aggregated into a single feature and correlated to the information regarding structural 
connections provided by DTI. 
 
Subjects and data acquisition 
Three children with ASD have been recruited for this pilot study at IRCCS ‘Stella Maris 
Foundation’ (Pisa, Italy), a tertiary care referral centre and University Hospital. We used a multi-
informant perspective on clinical data collection by using professional observation or interview 
(ADOS-G [30], Griffiths Scales [31] and Vineland Adaptive Behavior Scales II [32]) and parent 
reports (Child Behavior Checklist 1.5-5 [33] and 6-18 [34] versions, Social Communication 
Questionnaire [35] and Parenting Stress Index [36]). Children’s inclusion criteria were:  
Age between 4 and 8 years; Meeting criteria for either autistic disorder (AD) or pervasive 
developmental disorder not otherwise specified (PDD-NOS), according to the Diagnostic and 
Statistical Manual of Mental Disorders, 4th Edition, Text Revision [37]; Autism classification 
confirmed by the ADOS-G (administered from psychologists trained in the use of ADOS in a 
research setting); Full Scale Intelligence Quotient (FSIQ) of 80 or higher on the Wechsler Scales. 
The research protocol for MR and EEG assessment has been defined and evaluated for approval by 
the institutional review board of the Stella Maris Clinical Research Institute for Child and 
Adolescent Neurology and Psychiatry. Functional magnetic resonance imaging and diffusion tensor 
imaging scans were acquired on a 1.5T GE scanner at the same hospital. Children were instructed to 
lie quietly inside the scanner while remaining awake during the experiment, and to perform no 
specific cognitive exercise. 
Before the MR acquisition, children performed a fake session inside a scanner simulator (‘Zero 
Tesla’), which has all the characteristics of a real MR scanner. It allows children to familiarize 
themselves with the environment and the acoustic noise of the scanner before the real session in 
order to reduce head motion during image acquisition. The acquisition protocol includes the 
following sequences: 
T1-weighted fSPGR (Voxel size 1×1×1 mm3, reconstruction diameter 250 mm); Diffusion Tensor 
Imaging (DTI) (TR=10 s, TE=92 ms Voxel size 3×3×3 mm3, reconstruction diameter 240 mm, 30 
gradient directions, b-value 1000 s/mm2); Resting-state fMRI (TR=2.4 s, TE=50 ms, flip 
angle=90°, Voxel size 3.75×3.75×3 mm3, slice thickness= 4mm, reconstruction diameter 240 mm). 
In a separate session, EEG data was acquired from the subjects. EEG signals were obtained in the 
same experimental condition as fMRI data, i.e. resting state, eyes-open condition. In this pilot 
study, the data has been recorded using an ENOBIO system with 19 dry electrodes from the 10-20 
system and a sampling frequency of 500Hz [21]. The lengths of the recordings were 694.5s, 602.7s 
and 917.2s, but the length of the third was actually reduced from 987.2s due to heavy corruption 
with artefact.  
 
Obtaining regions of interest from fMRI  
Functional brain connectivity is evaluated in a resting-state condition. By measuring intrinsic, or 
spontaneous, fluctuations in the blood oxygen level dependent (BOLD) signal in the absence of an 
externally imposed task it is possible to characterize anatomical connectivity and spontaneous 
communication across large-scale networks in the brain [38]. In particular, the default-mode 
network (DMN) has special relevance to autism because many of the same areas are activated by 
tasks requiring complex emotional and social processes, theory of mind, and self-referential thought 
[39].  
Processing of the fMRI images was carried out using FMRI Expert Analysis Tool (FEAT), (part of 
FMRIB Software Library (FSL), FMRIB, Oxford, UK) [40]. The fMRI data are corrupted by 
motion and noise, therefore pre-processing steps are required to enhance the quality of the image. 
Motion correction was obtained using MCFLIRT, which implements an affine transformation 
among images within the same time-series. Spatial smoothing using a Gaussian kernel of full-width 
at half maximum (FWHM) of 5 mm and high-pass temporal filtering (Gaussian-weighted least-
squares straight line fitting, with σ = 50.0s) were applied to increase the signal to noise ratio (SNR). 
The BET tool was used for non-brain tissue removal and grand-mean intensity normalization of the 
entire 4D dataset by applying a single multiplicative factor. In addition, fMRI data was registered to 
high-resolution structural space (T1-weighted fSPGR image) using affine registration. Registering 
functional to anatomical data is useful both for looking at single subject results, i.e. overlaying 
statistical results onto the subjects structural scan, and as a precursor for warping subjects into 
standard space for multiple-subject analysis. 
The identification of the DMN was achieved using the Independent Component Analysis (ICA) 
method. In fMRI analysis functional connectivity is assessed in terms of the linear correlations of 
(BOLD) time course data between two or more spatially remote regions. Seed-based or clustering 
techniques have previously been used for this purpose, but ICA is nowadays the most popular 
method for extracting multiple distributed functional connectivity patterns of neural activity from 
whole-brain fMRI time-series without a priori specification of a temporal profile or spatial layout 
for the BOLD responses or any specific region as ‘seed’ for the statistical characterization of the 
pattern. Spatial ICA has been shown to reliably extract a statistical image of the DMN network in 
single subjects and groups, under several fMRI experimental settings.  
The ICA was applied in the probabilistic version [41] as implemented in Multivariate Exploratory 
Linear Decomposition into Independent Components (MELODIC), part of FSL. Temporal 
concatenation ICA was performed across all functional datasets from each subject using automatic 
dimensionality estimation. The whitened observations were decomposed into sets of vectors, which 
describe signal variation across the temporal domain (time-courses) and across the spatial domain 
(maps) by optimizing for non-Gaussian spatial source distributions using a fixed-point iteration 
technique. The independent components (ICs) were obtained using a cluster level z = 2.3 and a 
threshold p<0.05. The ICs were examined by visual inspection. Noisy components with extreme 
power spectra, sudden jumps in intensity, motion and susceptibility artefacts due to air signal were 
excluded. The other components were evaluated for their similarity with the DMN. The DMN 
definition is based on literature as the network comprising the Superior Frontal Gyrus/Medial 
Prefrontal Cortex (SFG, mPFC), the Posterior Cingulate Cortex (PCC), the Precuneus, and the 
Lateral Parietal Cortex [42]. For each subject one or two ICs have been identified as representing 
the DMN. In Figure 1 the IC related to the DMN identified for the third subject has been shown. 
The activation related to the DMN was then superimposed on the T1-weighted anatomical image, 
which was previously co-registered with the functional image. For each of the brain regions 
composing the DMN, a ROI mask is created. The identification of the ROI was guided by the Atlas 
Tool inside FSL. The Atlas Tool provided a probabilistic atlas of macroscopic anatomy, which 
means that each structure in the atlas is represented as a standard space image with values from 0 to 
100, according to the cross-population probability of a given voxel being in that structure. Once the 
correct structure was identified, a mask was realized for that structure for brain activity above a 
certain threshold (p<0.05). Figure 2 shows an example of ROI masks obtained for the 
Precuneus/Posterior Cingular Cortex, Right Parietal Cortex, Left Parietal Cortex and Superior 
Frontal Gyrus/Medial Prefrontal Cortex in the first subject. These brain regions are the fMRI 
‘sources’ identified in the resting state analysis. 
For each of these brain regions the x, y and z coordinates were obtained. These are the coordinates 
in the subject reference system. In order to compare the activation among different subjects it is 
more suitable to have coordinates in a common reference system. The standard MNI space was 
selected as template. First the pre-processed fMRI image was registered to the standard MNI space 
using the flirt tool of FLS that performs an affine registration. The calculated affine transformation 
that registers the input (fMRI image) to the reference (MNI template) is saved in a 4×4 affine 
matrix. This matrix was used to register the masks realized on the selected brain area to the MNI 
template. The new co-registered masks were visualized superimposed to the MNI template and for 
each mask the coordinates were extracted. In conclusion, for each brain region or ‘source’, the 
coordinates in the subject and in the standard space were obtained. Table 8 gives the ROIs in the 
MNI space for all three subjects under study. Figure 3 summarizes the process applied for sources 
identification and coordinates extraction.  
 
Obtaining structural connectivity from DTI 
Anatomical connectivity is obtained through DTI analysis, which is the only method that presently 
allows measurement of white matter fibre orientation in the human brain in-vivo [43]. The white 
matter fibre tracts are actually large bundles of axons that interconnect the grey matter processing 
areas both within and across hemispheres. In diffusion MRI, the quantity measured also relates to 
the three-dimensional organization of the tissue. In this context, we apply the DTI analysis to 
compute anatomical connections among the different fMRI sources identified in section 3.  
DTI images were first pre-processed using the FSL [40] software package. First, data quality 
assessment was performed by looping through the individual images to check for gross artefacts, 
such as signal dropouts and interleave artefacts caused by sudden subject motion. No participants 
had to be excluded based on these data checks. Then, for each subject, all images including 
diffusion weighted and b0 were corrected for eddy current induced distortion and subject motion 
effect using FDT (FMRIBs Diffusion Toolbox) [44]. Brain mask was created from the first b0 
image using BET (Brain Extraction Tool) [45]. For each subject a suitable fractional threshold was 
selected so that the mask includes all the brain structures. As the fractional anisotropy (FA) is a 
value between 0 and 1, the threshold must be set between these two limits. Usually, for children, a 
threshold between 0.45 and 0.5 is optimal for a good masking of the brain. 
Once pre-processing was completed, the diffusion tensor vectors were calculated using ExploreDTI 
software (http://www.exploredti.com/). The images corrected for eddy current distortions and 
motion in FSL were imported in ExploreDTI for tractography. We chose this software because it 
allows the setting of several parameters in the reconstruction algorithm and it gives a good 
performance in terms of accuracy of the reconstructed tracts. First images were converted from the 
NIfTI data format to the Matlab .mat format in order to make them suitable for the analysis.  
Once converted, tracts were computed using a whole brain tractography algorithm. More 
specifically, the deterministic approach implemented by Basser et al. [46] was selected for 
computation of tracts. Deterministic refers to the propagation modality of the reconstructed tract 
that is determined by the direction of maximum diffusivity of the voxel that is considered. The first 
step of this algorithm consists in the association of the major eigenvector with the tangent to a curve 
(the putative fibre path). Then the curve is estimated by stepping repeatedly in the direction of the 
tangent. A cubic method was used to interpolate the tensors estimated at each voxel’s level. Some 
other parameters were tuned on the data analysed in order to obtain an optimal reconstruction of 
tensors: uniform 2 mm seed point resolution, 0.5 mm step size, FA tracking threshold range 
between 0.2 and 1, fibre length range between 20 and 500, angle threshold of 30 degree and an FA 
tract termination threshold of 0.2. The performance of the algorithm was verified by checking the 
correct orientations and structure of tracts.  
The calculation of tracts connecting the ROIs, which in our case are the sources selected with the 
fMRI analysis, was performed using TrackVis (http://www.trackvis.org/). In order to import tracts 
obtained with ExploreDTI in TrackVis a homemade Matlab program was used, which takes as 
inputs the diffusion tensor images and the tractography files, both in .mat format, and gives as 
output a tractography file in the format used by the TrackVis Software. This program was realized 
in such a way that also the information about length, FA and mean diffusivity (MD) of each single 
tract would be transferred to the TrackVis software. With this transformation the whole brain 
tractography, i.e. all the fibre tracts present in each subject’s brain, is available for quantitative 
analysis.  
In contrast to whole-brain tractography, locally-constrained tractography makes use of ROI-based 
Boolean operations, such as specifying volumes through which fibres must or may not pass. As a 
result, locally-constrained tractography offers higher sensitivity and greater control for tracking 
selected fibres of interest. In this study, what is needed is a locally-constrained tractography in 
which the ROIs are the sources identified by the fMRI analysis. 
In order to visualize the ROI masks realized in the fMRI analysis on DTI images it is necessary to 
register them to the diffusion space. First the pre-processed fMRI image was registered to the b0 
DTI image using the flirt tool of FLS that performs an affine registration. The calculated affine 
transformation that registers the input (fMRI image) to the reference (DTI image) is saved in a 4×4 
affine matrix. This matrix was used to register the masks to the diffusion space. Once co-registered, 
the ROIs were imported in TrackVis for the reconstruction of the tracts between the ROIs. DTI 
fibre tractography was used to estimate the likely connections between the 4 ROIs. Tracts that did 
not end in or pass through both ROIs were discarded. In Figure 4 an example of the tracts 
connecting the ROIs for the third subject is shown. It is evident that for this subject there are 
connections between the Precuneus/Posterior Cingulate Cortex and all other ROIs, but no 
connection between the Right and Left Parietal Cortex has been found. 
For the existing tracts some statistics are extracted in particular: the volume, the length and the 
number of fibres. These measures thus provide an indication of the strength of the connections 
between sources. Figure 5 summarizes the entire process of DTI analysis, tracts identification and 
statistics extraction. Table 2 summarizes the information about structural connectivity obtained 
from this study. 
  
Source localization from EEG, guided by fMRI regions of interest 
Independent component analysis for source localization 
Each EEG electrode records a superposition of activities originating from multiple regions in the 
brain. Estimating these activities and their locations is known as the source-localization problem 
[15][16]. A large number of assumptions needs to be made to solve this. Typically, a source is 
modelled as an equivalent current dipole, described by 6 parameters: three x, y, z parameters to 
localize it in space, two θ and φ parameters to describe its orientation and one d parameter to 
describe its strength. For the purpose of the present work, we assume that only the dipole strength 
varies in time, while the other parameters remain fixed. Therefore , which will be called dipole 
activity in the remainder of the paper. Given a model describing the geometry of the head and how 
currents propagate through the different types of tissue, if the parameters of a dipole are known, the 
activity it produces on the scalp can then be computed, also known as the forward problem. For a 
given number of P dipoles and N electrodes, this can be summarized as 
   ( )x t Gd t n 
where   is the vector of N time-varying measurements on the scalp,   is the vector of P dipole 
activities, G is an N×P matrix relating the two, called the lead-field matrix, and n accounts for the 
noise in the measurements. It is computed from the head model and its elements depend on the 
positions and orientations of the dipoles. Finding the dipole activities, their position and orientations 
given the measurements and the head model is called the inverse problem, and it involves searching 
for the   and   that would minimize the cost function:  
.       
This problem is undetermined, with many possible solutions, and solving it requires making further 
assumptions about the distribution of brain activity. To find a possible solution, we will use the 
temporal version of ICA [47] and thus make the assumption that the dipole activities are statistically 
independent.  
If   is the vector of N EEG signals, ICA will yield an N×N un-mixing matrix W and the 
corresponding N independent components , such that:  
 
The activities of the independent components   can thus be viewed as an approximation of the 
dipole activities (if N dipoles are considered), so   is an approximation of  , but note that no physical 
significance is actually associated with these activities at this point. Connectivity computation 
would be possible, but it is not known what each activity corresponds to. To associate locations to 
the dipoles, the unmixing matrix W needs to be analysed. Its inverse is called the mixing matrix. In 
the mixing matrix, column i contains the weights with which the signal from component i 
contributes to each of the scalp electrodes. If its elements are represented on a scalp plot termed 
component topography one can, for example, recognize components corresponding to blinking 
artefacts by their increased weights in the frontal region. Apart from artefact rejection, source 
localization can also be performed: dipole fitting [48] aims to fit each component topography with 
an equivalent current dipole, characterized by position and moment. In this context, W-1 can be 
thought of as an approximation of G. The elements of G are in fact nonlinear functions of the dipole 
locations and moments, computed based on the head model and the locations of the electrodes. If G 
is known, then finding, for each column, the location and moment corresponding to a dipole, can be 
solved as a nonlinear optimization problem. In other words, for each component, dipole fitting finds 
the parameters of the dipole that produces the scalp map closest to the component topography, by 
minimizing residual variance in an optimization problem.  
Functions from EEGLAB [49] were used to carry out the processing. Prior to ICA computation, the 
data was first band-pass filtered between 0.5 and 45 Hz using EEGLAB’s FIR filter, which uses a 
heuristic to set the order and returned order 3301 and transition band width 0.25 Hz. The ICA 
ˆˆJ x Gd 
( ) W ( )s t x t
algorithm used was Runica [49]. Runica is the EEGLAB implementation of the infomax algorithm, 
which achieves maximum statistical independence by maximizing the joint entropy of the output of 
a neural network, by employing a gradient descent algorithm. The algorithm was called with 
learning rate set to heuristic rather than the default of 0.001, increasing stability at the expense of 
convergence speed. The 'extended' option was also set, which allows the detection of components 
with a negative kurtosis. 
The Dipfit plugin for EEGLAB was then used to fit dipoles to the scalp topographies of the 
independent components. This requires setting up a head model first. The head model used is the 
three-shell boundary element model of the standard MNI brain. Since the EEG cap uses the 
standard 10-20 system, the electrode coordinates in the MNI space are readily available and no co-
registration between the head model and electrode locations is necessary. Fitting dipoles occurs in 
two steps. The first step is a coarse fitting, to find the best initial conditions for the subsequent 
nonlinear optimization. For this, fixed dipoles are assumed at each point on a 3-D grid of dipole 
positions from which 272 locations inside the head are retained. The scalp topography produced by 
each individual dipole acting alone is then computed using the head model. Next, each component 
topography is compared to all 272 different projections and the best match is selected, as measured 
by the residual variance of fitting the dipole projection to the component topography. The second 
step is a nonlinear iterative fitting of 6 dipole parameters (position and moment) to each component, 
where the cost function to minimize is the residual variance, and the initial conditions are given by 
the results of the previous step.  
Ignoring the dipole moments, each independent component activity now effectively has an 
estimated source location attached. For example, for the first subject, the 19 dipoles locations 
attached to the 19 independent components are shown in Figure 4. 
  
Selecting independent components using fMRI 
Dipole fitting returns the coordinates in normalized MNI space of at most as many dipoles as the 
number of EEG channels, associated with the activities of independent components (ICs). However, 
not all these components correspond to neural activity, and not all of them are of interest. If 
information about the ROIs is available from fMRI, then it is possible to select which components 
should be further considered for connectivity analysis by considering the locations of their 
associated dipoles. We therefore propose the selection of the independent components used in 
connectivity analysis based on the proximity of their dipoles to the ROIs, as measured by Euclidean 
distance. In other words, each fMRI location i will be matched with the nth dipole, where: 
   arg min ,i j
j
n dist ROI dipole
Having selected the dipoles of interest, their 4 associated independent components are retained for 
connectivity computation, whereas the rest are discarded. This is done for each subject using the 
MNI coordinates of the 4 ROIs provided (Precuneus/Posterior Cingulate Cortex, Left Parietal 
Cortex, Right Parietal Cortex, Superior Frontal Gyrus/Medial Prefrontal cortex). For example, the 
best matching dipoles are plotted for the first subject in Figure 5, while the complete list of 
coordinates is shown in Table 10.  
 
High temporal resolution in the functional connectivity from EEG 
Time-varying connectivity can be obtained by sliding a window across the estimated sources 
activities and computing the connectivity at each position of the window. To obtain the finest detail 
in recording the changes in connectivity, the window position will always be incremented by only 
one sample.  
If we define a window w(t) of length l, such that 
      
the windowed source activity i obtained by sliding this window will be  , for all  , where T is the 
length of the signal, such that only full length windows are considered. The signals in each window 
are normalized to zero mean and unit variance. 
Functional connectivity is then computed between all pairs of sources activities, to obtain a time-
varying connectivity matrix A(τ), for which an element a¬i,j(τ) represents the connectivity strength 
between sources i and j at window position τ. 
 
where F = F(x(t),y(t)) is a functional connectivity measure that takes two signals and returns a real 
value for the degree of their synchronization. Here, a¬i,j(τ) = a¬j,i(τ), since functional connectivity 
has been used, which does not capture the directionality of the signal interactions. Two classes of 
functional connectivity measures are employed to estimate connectivity between all pairs of sources 
activities, from those reviewed in [50]. 
Phase synchronization measures aim to quantify the stability in time of the phase difference Δφ(t) 
between the two signals x(t) and y(t). Phase-locking Value (PLV) averages the representations of 
the phase difference on the unit circle across all available time points and then takes the magnitude 
of the result: 
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where <·> indicates averaging over time. Phase-lag Index (PLI) averages the sign of the phase 
difference across all time points, effectively discarding distributions centred on zero, which is 
considered to be indicative of volume conduction: 
 
The RHO index (sometimes referred to as phase entropy) is a measure of how much the entropy of 
the distribution of the phase values deviates from the entropy of the uniform distribution: 
 
where S is the Shannon entropy of the distribution of Δφxy(t) and Smax is the entropy of a uniform 
phase distribution). 
 Coherency-based measures revolve around the notion of coherency, which is the cross-spectral 
density of the two signals normalized by the product of their auto power spectral densities: 
 
Coherence (COH) takes the square magnitude of this quantity, and the imaginary part of coherency 
(iCOH) is also used as a precaution against volume conduction. Since COH and iCOH are functions 
of frequency, we average these over the frequency bands of interest: 
 
Computing connectivity between all pairs of sources will give 6 unique time-varying connectivity 
strengths from the 4 sources. These are estimated using Matlab functions adapted from the Hermes 
Toolbox [50], implementing the functional connectivity measures PLV, PLI, RHO, COH, iCOH. 
They are applied to a sliding window of the 4 estimated sources activities, with length 500 samples 
(1 second), and overlap between successive window positions of 499 samples, yielding connectivity 
time courses that are 1 second (one window length) shorter than the original signals.  
Computations are performed in the five canonical frequency bands, δ (1-4 Hz), θ (4-8 Hz), α (8-12 
Hz), β (12-30 Hz) and γ (30-45 Hz), since previous studies relating EEG and resting-state networks 
obtained from fMRI found relevant information in all frequency bands [51][52]. To summarize, this 
gives 6 time-varying connectivity strengths, obtained through 5 connectivity measures, in 5 
different bands. This is done for all three subjects. An example of such a full estimate of time-
varying connectivity for the second subject and all possible connections is shown in Figure 6, where 
connectivity was computed using PLV in the δ band. Figure 7 shows a comparison of estimating the 
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time-varying strength for a single connection with all 5 different measures in frequency bands δ and 
α, for the same subject. 
Unlike functional connectivity, structural connectivity changes very slowly, and can be considered 
fixed in the present scenario. Therefore, in order to find a mapping between the structural 
connectivity and functional connectivity, the dynamic nature of the latter needs to be summarized to 
a single feature per connection. This is achieved by considering the distribution of the values in 
time and computing the median value.  
The full analysis workflow is summarized in Figure 8 as follows: 
Step one: Decompose the filtered multichannel EEG into independent components; 
Step two: Fit dipoles to all scalp component topographies; 
Step three: Obtain coordinates of ROIs from fMRI; 
Step four: Select only those components whose dipoles are closest to the ROIs, based on Euclidean 
distance criteria; 
Step five: Estimate time-varying connectivity between all pairs of ROIs by sliding a window 
through the sources activities and applying the synchronization measures described in equations 
(7)-(11), for the δ, θ, α, β and γ bands; 
Step six: Obtain structural connectivity information from DTI and find the features from functional 
connectivity that yield the best positive/negative correlation with the structural connectivity 
features. 
 
Results of correlation of structural and functional connectivity in ASD subjects 
All connections from all subjects are first aggregated together such that each connection, which can 
be described by 3 features of structural connectivity and 25 features of functional connectivity (5 
connectivity measures × 5 frequency bands), is considered a data point. A summary of the 
functional and structural connectivity information available is given in Table 11. Columns 
correspond to different connections, while rows correspond to different methods of describing these 
connections. The first three rows correspond to structural connectivity (number of tracts, length and 
volume from DTI), while the rest correspond to functional connectivity estimated from EEG in 
different ways in different frequency bands. 
We then compute the Pearson correlation coefficient (r) corresponding to all 75 (= 3 structural 
features × 25 functional connectivity features) possible pairings of features from each type of 
connectivity. The p-values corresponding to the probability of the null hypothesis of zero 
correlation are also computed. We find one significant negative correlation between functional 
connectivity estimated from PLV in the δ band and the number of tracts, and one significant 
negative correlation between PLV in the δ band and tract volume (p<0.05, Bonferroni corrected for 
n=75 comparisons). These are the only combinations that pass this stringent statistical test. It 
would, nevertheless, be informative to investigate when other high (positive/negative) values of the 
correlation coefficient are obtained. We find that the overall strongest 6 correlations, corresponding 
to a correlation coefficient r<-0.75 and an uncorrected p-value p<0.05, occur in the δ band, namely 
some of those in which functional connectivity was computed using PLV, PLI or COH. These are 
all negative correlations and are shown in Figure 9.   
The correlations Number of Tracts vs. PLV-δ and Tract Volume vs. PLV-δ, shown in the first 
column, are statistically significant (p<0.05, Bonferroni corrected for n=75). The next four best 
correlations are also shown. 
Whenever a functional connectivity measure is strongly linked to the number of tracts, it will also 
be linked to the tract volume. This occurs because the number of tracts and the tract volume are, in 
fact, also correlated among themselves (r = 0.92, p=0.0003). Tract length did not correlate well with 
any of the functional connectivity measures: length vs. PLI-δ and length vs. PLV-δ were the best 
combinations, only reaching r=-0.51 and r= -0.49.  
The usefulness of this correlation analysis is particularly helpful in obtaining an estimate of the 
underlying structural connectivity from the noninvasively measured EEG functional connectivity, 
since the relationship between them are found to follow almost a straight line with a negative slope. 
Our analysis shows that the δ band connectivity measures (PLV, PLI and COH) are maximum 
influenced by the structural connectivity features like number of tracts and volume. Figure 30 
shows an overview of values for the correlation coefficient, when functional connectivity is 
correlated with the number of tracts. No clear pattern emerges in the high frequency bands, except 
that the strongest links are found in the δ band showing a negative correlation between the PLV, 
PLI and COH with the number of tracts. This can be explained from the physical characteristics of 
the white matter tracts which may exhibit behaviours like inter-connected band-pass filters. In fact 
the phase synchronization based connectivity measures like PLV, PLI, COH and the others mostly 
capture the phase characteristics of the source level dynamic brain activities. This should not be 
confused with a simple magnitude level low-pass or band-pass filter characteristics, as even in 
linear recursive filters the modification of the phase is highly complex and nonlinear. The negative 
correlation found between PLV vs. the number of tracts or volume would essentially mean that 
higher the physical connection/volume between two activated regions of the brain, the lesser is the 
phase coupling in the low frequency δ band oscillations. This may apparently seem counter-
intuitive but may appear due to highly nonlinear phase characteristics even in the pass bands of a 
linear recursive filter – the DTI tract in this case or the medium through which electromagnetic 
fields are propagated through. The physical explanation of the band specific variation in the phase 
synchronization of source level brain activities is an open problem in neuroscience and could be 
explored as a complex mathematical model of large network of filters in a future research.   
 
Discussion and conclusion 
The main contribution of this work can be summarized as follows: 
Using the notion of dynamic functional connectivity, we estimated the time varying 
interdependence between the activities of relevant sources in the autistic brain. Among many 
possible sources revealed by EEG source localization, the relevant ones have been selected as those 
that are closest to the fMRI-based regions of interest, in this case the ones in the DMN.  
If the time-varying connectivity between two sources is treated as a random variable, its distribution 
can be analysed and an expected value can be computed. This method of estimating functional 
connectivity has the advantage that it does not discard its intrinsically dynamic nature – and makes 
full use of the temporal resolution of EEG. 
We found that, for the DMN, the best way to capture the effect of the underlying structural 
connectivity is by using PLV as a measure of estimating functional connectivity, in the δ band. This 
shows the potential of estimating structural connectivity only from EEG functional connectivity. 
For example, one could use the slopes of the correlation plots in Figure 9 to reconstruct the number 
of tracts or tract volume only using the EEG recording. Many different measures of signal 
interdependence have been reported in literature to estimate functional connectivity – from the 
subset we here reported the ones that produce estimates closest to the underlying structural network. 
We also found that, in the ASD subjects analysed, and for the DMN, functional connectivity from 
fMRI and EEG correlates with structural connectivity most often in the δ band and the correlation is 
not that significant in other higher frequency bands. 
The methodology described requires multi-modal recording of EEG, fMRI and DTI for every 
autistic subject. Since in usual clinical practice typically developing subjects, especially children, do 
not undergo fMRI or DTI, validating the methodology on a typically developing group has been left 
as an open problem and might be considered the scope of future research. 
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Conclusions 
As we have seen, recent years have witnessed ICT-based approaches and methods for therapy and 
of autistic children. Individuals with autism have lately been included in the main focus in the area 
of Affective Computing (AC) or “computing that relates to, arises from, or deliberately influences 
emotions” (Kaliouby et al., 2006). Technologies, algorithms, interfaces and sensors that can sense 
emotions or express them and thereby influence users’ behavior (autistic persons) have been 
continuously developed. Working closely with autistic persons has lead to development of various 
significant methods, applications and technologies for emotion recognition and expression. 
Innovative wearable sensors along with algorithms for efficient recognition of human affective 
states are now available and applicable for autistic individuals (Blocher et al., 2000). However, 
much has yet to be improved in order to have a significant success in treating individuals with 
autism. This depends on two aspects besides the theoretical one: practical and clinical.  
From the practical perspective, many of the existing technologies have limited capabilities in their 
performance and thus, limit the success in the treatment of autistic persons. This is especially 
significant for wearable hardware sensors that can provide feedback from the autistic individuals in 
the treatment process. Much has to be done in order to have a reliable emotional, attentional, 
behavioral or any type of feedback that can be essential in the alteration of the educational method 
to better suit the people with autism.  
Clinically, most of ICT proposals have not been validated outside the context of proof of concept 
studies. Much more should be done to assess whether ICT architectures and devices are clinically 
relevant. Nevertheless, the realization of autism as a significant health topic in the modern world is 
nothing but promising fact for the future trends of improvement in the usage of educational ICT to 
help the autistic people in coping with the everyday surroundings. 
 
In my PhD research we developed an integrated technological platform for the acquisition of 
neurophysiologic signals in a semi-naturalistic setting where children are free to move around, play 
with different objects and interact with the examiner. Particular efforts have been provided to 
customize the hardware ECG, to integrate the videos, the ECG and the EEG units and to realize a 
user-friendly toolbox for data analysis.  
The wireless EEG cup (Enobio) and the small chest strap containing the ECG demonstrated how 
low invasive tools can be suitable for children at very young ages and can be used with semi-
naturalistic paradigms. The interaction with the examiner rather than with a screen is another very 
important feature of the present study, and allows recreating a more real situation with social 
interactions and cues. In this paradigm, we can assume that the signals acquired from the brain and 
the autonomic system, are much more similar to what is generated while the child interacts in 
common life situations. This setting, with a relatively simple technical implementation, can be 
considered as one step towards a more behaviorally driven analysis of neurophysiologic activity. 
The revision of the state-of-the-art on QEEG in autism showed the importance of this technique for 
the assessment of brain connectivity and for the developing of an individualized treatment program.  
 
In my PhD thesis a gaming platform for home-based intervention in ASD was described. Within the 
context of a pilot open trial, we showed the feasibility of the intervention. We found that (1) the 
gaming platform was useful during both children-therapist interaction at hospital as well as 
children-parents interaction at home, (2) tailored intervention was compatible with at home use and 
non-professional therapist/parents, (3) children performed as expected when using the different 
Imitation and Join Attention (JA) games and no game appeared inaccurate, (4) data computed from 
the platform and clinical annotations produced by parents and therapists allowed session to session 
monitoring and helped therapists to dynamically reconfigure treatment and (5) subjective views 
from users (mainly parents here) were overall positive. From the clinical point of view the most 
important benefits of this novel method of intervention for children with autism are: a) the rapid 
performance amelioration on tasks based on Imitation and JA that are considered pivotal for 
children with autism; b) to create a scenario where the spontaneous, and usually lone, activity with 
video games is easily pushed to become a shared activity; c) a general amelioration of attention and 
availability to discuss the results of a performance. Nevertheless, some limitations must be 
considered. First, the lack of more precise and external evaluation of improvements in Imitation and 
JA with specific methodology; second, a deeper analysis of the minority of parents who have 
signaled difficulties in applying GOLIAH (serious game that we developed) is needed to 
individuate for which child and for which family it could be more indicated.  
 
Within the context of a pilot open-controlled-trial, we showed the feasibility of the ICT 
intervention. We found that (1) the gaming platform was useful during both children-therapist 
interaction at hospital as well as children-parents interaction at home, (2) tailored intervention was 
compatible with at home use and non-professional therapist/parents, (3) children performed as 
expected when using the different Imitation and JA games and no game appeared inaccurate, (4) 
data computed from the platform and clinical annotations produced by parents and therapists 
allowed session to session monitoring and helped therapists to dynamically reconfigure treatment 
and (5) subjective views from users (mainly parents here) were overall positive and the use of the 
Michelangelo protocol did not increase parental stress. 
At the clinical level, we found that both groups (experimental and control) showed improvement at 
6-month. The encouraging results found for ADOS scores in the experimental group should now be 
replicated in a large randomized controlled trial given the sample size of the current exploratory 
study. 
  
Talking about ICT contribute to the research in the field of autism, our eye tracking experiment 
confirms the clinical suggestion that deficits in initiating JA is more indicative of an ASD, rather 
than responding to JA (MacDonald et al., 2006; Mundy et al., 1994; Whalen & Schreibman, 2003). 
Our under-30-months children with autism show growing differences in joint attention visual 
patterns compared to age-matched TD children and we can suggest that the initiation in JA is a 
more suitable task to be used and requested for screening purposes at this young age. 
Although researchers have clearly shown that children with autism have IJA deficits, the underlying 
reason for this difficulty remains unclear. Several possible mechanisms for IJA deficits in children 
with ASD have been proposed, including the impairment of a shared attention mechanism, triadic 
representation and affect sharing (Charman et al., 1997; Kasari et al., 1990). 
Taken together, the results of the current study suggest that although autistic children are as 
accurate as control children in gaze-following of the RJA task, the children with ASD show a 
different processing bias for IJA tasks. Given the important role of social initiation in normative 
child development (Falck-Ytter et al. 2014), these performances, particularly if confirmed in a 
larger sample, could be expected to lead children with ASD toward a developmental trajectory that 
differs fundamentally from that of non-autistic children.  
 
Finally, using the notion of dynamic functional connectivity, we estimated the time varying 
interdependence between the activities of relevant sources in the autistic brain. Among many 
possible sources revealed by EEG source localization, the relevant ones have been selected as those 
that are closest to the f-MRI-based regions of interest, in this case the ones in the DMN.  
If the time-varying connectivity between two sources is treated as a random variable, its distribution 
can be analyzed and an expected value can be computed. This method of estimating functional 
connectivity has the advantage that it does not discard its intrinsically dynamic nature – and makes 
full use of the temporal resolution of EEG. 
We found that, for the DMN, the best way to capture the effect of the underlying structural 
connectivity is by using PLV as a measure of estimating functional connectivity, in the δ band. This 
shows the potential of estimating structural connectivity only from EEG functional connectivity. 
For example, one could use the slopes of the correlation plots in Figure 9 to reconstruct the number 
of tracts or tract volume only using the EEG recording. Many different measures of signal 
interdependence have been reported in literature to estimate functional connectivity – from the 
subset we here reported the ones that produce estimates closest to the underlying structural network. 
We also found that, in the ASD subjects analyzed, and for the DMN, functional connectivity from f-
MRI and EEG correlates with structural connectivity most often in the δ band and the correlation is 
not that significant in other higher frequency bands. 
The methodology described requires multi-modal recording of EEG, f-MRI and DTI for every 
autistic subject. Since in usual clinical practice typically developing subjects, especially children, do 
not undergo f-MRI or DTI, validating the methodology on a typically developing group has been 
left as an open problem and might be considered the scope of future research. 
 
Going back to the original question: 'Can ICT solution improve the state-of-the-art ?' the answer 
could be: 'Yes it can be an useful support for a skilled professional in the field of autism'.  
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